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PREFACE 
The grain industry in the United States has expanded rapidly 
since World War II. Concurrent with this expansion has been an in-
crease in the demand for grain transportation services. There have 
been periods of excess demand for grain hauling equipment and grain 
handling facilities. This excess demand distorts the normal grain 
price-space relationships and results in the usual problems and in-
efficiencies which correspond to such distortions. Associated with the 
expansion of the grain distribution industry has been a greater degree 
of production specialization among farms, an expansion of the domes-
tic waterways, the near completion of the Federal Interstate Highway 
System, difficult financial conditions for some railroads, and the par-
tial abandonment of the railroad system. In 1973 the United States faced 
a new problem, an energy crisis, which brought about new problems for 
the transportation industry. The energy crisis was especially intense 
because all modes of transportation depend heavily on gasoline and 
diesel fuels which were in especially short supply because of the deple-
tion of domestic oil supplies and restricted oil imports. 
The research reported is directed towards these general problems 
in transportation and the interrelationships between efficient grain 
transportation networks and the location of grain production and demand. 
This study is the result of a contract between the Federal Railroad Ad-
ministration of the Department of Transportation and Iowa State University. 
It is designed to project the 1980 domestic flows of wheat, feed grains, 
and soybeans under alternative transportation cost structures and export 
demands. The analysis includes projecting the domestic and export demands 
for grain and finding the least cost location for producing each grain. 
Problems of grain transportation can be avoided only if the supply, trans-
portation, and demand sectors of the grain industry are each mutually 
aware of the potentials and limitations of the other sectors in the indus-
try. This research coordinates these three sectors within 10 mathematical 
optimization models. 
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Although parts of sections II, VI, and VII contain information 
inessential to the models or discuss issues that may be familiar to some 
readers, they are included in the spirit of snythesizing the supply and 
demand of grain with its transportation. Readers familiar with analyzing 
grain sales may be unfamiliar with transportation and vice versa. Sec-
tions IV and V illustrate that many details about transportation can 
be obtained from national models. 
The authors are especially indebted to Doeke Faber for his pa-
tience and perseverance in gathering data and frequent suggestions dur-
ing the entire study, to Wayne Ellingson for efficiently managing the 
computer operations which prepared the data for the programming models, 
and to Steven Sonka for assisting with the development of the demand 
analysis. All three are graduate students at Iowa State University. 
Dr. Vincent Sposito, Iowa State University, and Melvin Standard, his 
graduate assistant, contributed much computer expertise. 
The cost data for transportation of grain by water depended on 
the knowledgeable assistance from those in the industry. In addition 
to their many kind and helpful associates, special thanks are due to 
Harold T. Damsgard, Arrow Transportation Company; Neville Stone, Ameri-
can River Transportation Company; Les Sutton, Upper Mississippi Towing 
Corporation; Joseph R. Cordaro, Sioux City and New Orleans Barge Lines; 
Howard Mueller, Federal Barge Lines; and Paul Light of the Pacific 
Inland Navigation Company. 
Dr. C. Phillip Baumel and Dr. William Thompson, Iowa State Univer-
sity, assisted with the proposal and freely gave advice and constructive 
criticism concerning the transportation of grain. The enthusiasm of Dr. 
James Boone of the Federal Railroad Administration provided continuous 
encouragement. Many other members of the transportation industry, the 
grain industry, and Iowa State University provided useful information 
for the study, and the authors express their gratitude to each. 
The Authors 
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I. SUMMARY 
This study is directed toward the search for an efficient national 
and interregional grain transportation and production network. 1 The 
interdependence of rail, water, truck, and combinations of these transport 
modes are analyzed. The effectiveness of alternative methods of grain 
transportation are determined to avoid an unfavorable mix of equipment 
by mod~ and the inefficient use of scarce resources. The analysis, 
applied to the 48 contiguous states for 1980, includes finding the least 
cost location for producing each grain, projecting domestic and export 
demands for each grain, and analyzing the transportation services required 
for projected national and interregional grain movements. The study 
indicates how regional grain production is affected by transportation as 
well as how optimal transportation patterns are related to production and 
demand. 
Methodology 
Ten large-scale mathematical programming models are applied to grain 
transportation and production. The amount and directional flows of grain 
between 152 producing regions and 78 market destinations in the United 
States are determined by the interdependent location of production as well 
as by the cost and availability of each type of transportation--rail, truck, 
and water--for wheat, feed grains, and soybeans. The level of production 
in each of the producing regions is determined by the availability, 
cost, and form of transportation as well as by markets, production costs, 
yields, and natural conditions such as soils and climate. Under each of 
the 10 programming models the amount and location of production and trans-
portation of grain are at a minimum cost and include returns to resources 
at factor cost. 
1Throughout this report grain refers to the aggregate of corn, 
sorghums, barley, oats, wheat, &nd soybeans unless otherwise indicated. 
Feed grains is an aggregation of· the first four of these six grains. 
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A set of basic transportation costs is estimated and a set of grain 
demands and production yields is pro.iected for a "normal" 1980 year. 
This information is incorporated into a base model, model I. Normality 
implies ordinary or average production and demand conditions based on 
past trends. These conditions are considered as the most likely projec-
tions of the quantities demanded in 1980, yields in 1980, and representa-
tive production costs adjusted to reflect the yields. All costs and prices 
are based on the 1972 value of the dollar. The projected conditions for 
the United States in 1980 are: a population of 226.9 million; exports 
of 22.4 million tons of wheat, 31.2 million tons of soybeans, and 27.5 
million tons of corn equivalent feed grains; and production of 46.3 million 
tons of wheat, 54.0 million tons of soybeans, and 229.4 million tons of 
feed grains.l Cotton is included in the models because it competes for 
cropland and cottonseed meal is a substitute for soybean meal. Cotton 
lint production is projected to be 10.14 million bales and exports are 
projected to be 2.1 million bales. Transportation data in this model 
represent the transportation cost, not rate, structure in 1972 with rail 
movements in units of single, covered hopper cars, truck shipments in 
five-axle, tractor-semitrailers, and water shipments in barges on the 
Mississippi River and Columbia River systems and ships on the Great Lakes. 
The model represents a year's activity but the demands and transportation 
of feed grains and soybeans are divided into two periods, December through 
March and April through November, because the Great Lakes, the Missouri 
River, and the Mississippi River above the Illinois Waterway are not navi-
gable in the winter season. Wheat is restricted to an annual period be-
cause its harvest season is several months prior to the winter season and 
its transportation depends less on those waters that are closed in the 
winter. The transportation costs include shipping costs per se and grain 
elevator costs of loading and unloading the grain-hauling vehicles be-
cause the latter costs vary with the transportation mode. 
1Throughout this report "ton" refers to a short ton, i.e. 2,000 
pounds. 
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Results 
A transport system with single-car rail units 
The interregional shipment of grain in 1980 under the estimated 1972 
cost structure (model I) has an optimal cost of $885 million (Table 1.1), 
a value equal to seven percent of the total operating freight revenues 
of class I railroads in 1972 [34]. Interregional grain traffic consists 
of 154 million tons (Table 1.2) carried for a total of 123.7 billion ton-
miles (Table 1.3). The percentage of the tons carried by mode is 75.8 
percent for rail, 19.7 percent for water, and 4.5 percent for truck. 
The percentage of traffic by ton-miles is 70.4 for rail, 29.5 for water, 
and 0.2 for truck. As expected, the average distance a ton of grain is 
carried by mode is the greatest for water and the least for truck. Truck 
traffic is small because intraregional shipments are excluded. 1 Within 
the models approximately 43 percent of grain produced is shipped interre-
gionally and based on historical data it is projected that 72 percent of 
the grain will be sold from farms where grown. The difference, 29 percent, 
is intraregional shipments and a large share of them would be made by 
truck. 
A transport system with 50-car rail units 
Use of a rail system based on 50-car shipments (model II) reduces 
transport costs, including handling, by $68 million dollars compared to 
the single-car rail system (model I). The 50-car system is identical to 
model I except that all rail shipments, other than those made in conjunc-
tion with water, are made with a large volume, multiple-car rail system 
of 50 cars in a unit. A multiple-car system would likely increase the 
cost of assembling grain for large volume shipments, but these added costs 
would be offset by the savings wherever there is a concentration of grain 
shipments. In addition, a 50-car system would substantially increase the 
effective capacity of the existing fleet of rail cars which would more 
than compensate for the additional quantity of grain carried by rail 
1rntraregional shipments are excluded from the results because the 
models do not identify the actual origin or destination of grain within 
the regions. 
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Table 1.1. Grain production, interregional transportation, and interregional 
handling costs for 10 models. 
Transportation 
Total Production excluding Handling 
Model (million (million handling (thousand 
dollars) dollars) (thousand dollars) 
dollars) 
I. (single-car) 14,122 12,995 885,289 241,985 
II. (50-car) 14,054 12,995 820,115 238,575 
III. (10% rail) 14,197 13,002 946,323 248,780 
IV. (20io rail) 14,269 13,006 1,011,866 251,122 
v. (107.. barge) 14,133 12,996 896,471 240,320 
VI. (20% barge) 14,141 12,995 906,479 239,892 
VII. (alternative 887,908 
single-car) 14,128 12,995 I 245,154 
VIII. (10% Gulf-
Seattle) 14,135 12,996 896,673 242,094 
IX. (25% Gulf-
Seattle) 14,164 12,992 930,886 240,904 
x. (25% export) 15,585 14,382 933,421 269,660 
Table l. 2. The quantity of interregional grain shipments and the percen-
tage distribution by transportation mode for 10 models. 
Percentage distribution 
Thousand b:i; mode 
tons Rail Water Truck 
I. (single-car) 153,996 15.8 19.7 4.5 
II. (50-car) 148,210 81.7 16.4 1.9 
III. (10% rail) 157,814 71.6 21.2 7.2 
IV. (20% rail) 161,499 66.9 24.0 9.1 
v •. (10% barge) 149,886 80.4 17.6 2.0 
VI. (20% barge) 148,682 82.0 16.3 1.7 
VII. (alternative. 
single-car) 153,613 72.7 19.9 7.4 
VIII. (10% Gulf-Seattle) 150,545 78.6 17.8 3.6 
IX. (25% Gulf-Seattle) 147,617 81.7 15.2 3.1 
. 
X. ( 25% export) 171,766 71l. 5 20.6 4.9 
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Table 1.3. Ton-miles of interregional grain traffic and the percentage distri-
bution by transportation mode for 10 models. 
Percentage distribution 
Million b~ mode 
tons-miles Rail Water Truck 
I. (single-car) 123,671 70.4 29.5 0.2 
II. (50-car) 121,386 73.7 24.3 0.1 
III. (10% rail) 124,145 67.6 32.1 0.3 
IV. (20% rail) 127,074 62.8 36.7 0.5 
v. (10% barge) 121,440 74.7 25.2 0.1 
VI. (20io barge) 120,929 76.0 23.9 0.1 
VII. (alternative single-car) 123,599 71.4 28.1 0.4 
VIII. (lOio Gulf -Seattle) 122,505 74.3 25.6 0.1 
IX. 
X. 
(25% Gulf-Seattle) 118' 732 71.8 22.1 0.1 
(25% export) 134,097 67.6 32.2 0.2 
(Tables 1.2 and 1.3). 
A transportation system with higher rail costs 
The effects of higher rail costs are analyzed by means of models 
III and IV. In model III rail costs are 10 percent greater than in model 
I and in model IV they are 20 percent greater than in model I, otherwise 
the models are the same. These models result in the largest transporta-
tion costs among the ten, except for model X (Table 1.1). Rail transpor-
tation costs are greater for model III than model IV, because of a dispro-
portionately greater decline in the ton and ton-miles of rail grain traf-
fic in model IV than in model III (Tables 1.2 and 1.3). Aside from in-
creases in the transportation costs, including handling, the cost of grain 
production also increases. The available land used for production and 
its location are unchanged, but the location of the production of parti-
cular grains changes. 
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A transportation system with higher barge costs 
The effects of higher barge costs are analyzed with models V and VI 
which are the same as model I except the barging costs are 10 percent 
higher in model V and 20 percent higher in model VI. Grain transportation 
costs are found to be less sensitive to barging cost increases than to 
rail cost increases even when the relative quantities carried by the two 
modes are taken into consideration. The total magnitude of grain traffic 
among the first six models varies inversely with increases in barge costs 
and directly with increases in rail costs (Tables 1.1 and 1.3). Grain car-
ried by truck is highly correlated with that carried by barge. 
A transportation system with alternative single-car costs 
The alternative single-car rail costs are computed as a 10 percent 
decrease in that part of the rail costs of the single-car rail system 
(model I) that depends on distance and a 50 percent increase in the costs 
that are not a function of distance. All other costs and conditions 
in this system (model VII) are the same as in the single-car system of 
model I. This change has the net effect of raising the cost of short 
rail hauls and lowering the cost of longer hauls. Trucks, exclusive of 
other transportation modes, carry more than 4 million tons of grain inter-
regionally compared to no such movements in model I. The quantity hauled 
by water increases by 210 thousand tons but water traffic declines from 
37.39 billion ton-miles in model I to 34.77 billion ton-miles in model 
VII. Although railroads carry fewer tons, their share of the total 
ton-miles increases from 69.8 percent in model I to 71.4 percent in model 
VII (Table 1.3). 
A shift in demand for exports from the Gulf to Northwest ports 
Ten percent of the traditional Gulf (New Orleans and Houston) 
export demand is reassigned to Seattle in model VIII and 25 percent is 
reassigned in model IX; otherwise, both models are identical to model I. 
Total costs of production and transportation increase $13 million when 
10 percent of the exports are reassigned and $42 million when 25 percent 
of the exports are reassigned (Table 1.1). However, these costs only 
7 
relate to those experienced within the United States. When ocean ship-
ping costs to Japan from the Gulf and Seattle are compared with the price 
differentials at ports of export, 25 percent of the wheat, more than 10 
percent of the feed grains, and 10 percent of the soybeans exported from 
the Gulf would be reassigned to Seattle if ships which carry 80,000 
tons are used. If very large ships of 150,000 to 200,000 tons are de-
veloped, then the savings in ocean shipping costs would justify reassign-
ing even more of the exports. 
The reassignment of exports from the Gulf to Seattle results in a 
substantial increase in the share of the traffic carried by rail (Tables 
1.2 and 1.3). Such a shift in exports would likely change the production 
location of some of the exports that are reassigned. The Northern Plains 
vis-a-vis other regions of production east of the Rocky Mountains has a 
geographical advantage for shipping to Northwest ports. The Corn Belt 
does not lose its comparative advantage in production but ships more of 
its production to satisfy domestic demands. 
An increase in grain exports 
The costs and quantities of interregional grain flows are sensitive 
to the level of exports. The difficulty of predicting the level of ex-
ports and their fluctuations is likely to continue creating one of the 
most complex and persistent grain transportation problems. A 25 percent 
increase in exports above those in model I, analyzed by means of model 
X, generates an 8.3 percent increase in the ton-miles of grain traffic 
and a 6.7 percent increase in transportation costs. The base (model I) 
distribution of exports among the ports is used. The shares of the traf-
fic carried by truck and water increase and the share carried by rail 
declines compared to the basic level of exports in model I (Tables 1.2 
and 1. 3). 
A probable increase in rail traffic 
The demand for rail transportation by grain in 1980 under the 1972 
estimated transportation cost structure will grow as rapidly a.s grain 
sales from farms between 1971 and 1980. Although large quantities of 
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grain were transported by rail in 1973, there will be a need for even 
more railroad transportation services in 1980 if the quantity of grain 
exported remains large and the price of fuel does not decline. The need 
for greater rail capacity is most apparent when grain traffic is measured 
in ton-miles. An expansion in use of multiple-car rail shipments could 
alleviate the rail car shortage by, in effect, increasing the supply of 
cars because of a faster turn-around time. 
A comparison of railroads and barges 
Total costs of transportation and production are more sensitive to 
rail cost changes than to barge cost changes. A 20 percent increase in 
rail costs results in a $147 million increase in total costs but a 20 per-
cent increase in barging costs results in only a $19 million increase in 
all costs. Before the increase in transportation costs, rail had 70 per-
cent and barges 30 percent of the ton-mile grain traffic. Hence, rail 
cost changes produce larger impacts than equal percentage changes in barge 
costs even when the quantities carried by rail and barge are taken into 
consideration. 
Grain carried by rail to points on the waterways is a significant 
quantity of all grain which moves via the waterways in each of the models. 
Using the 1972 transportation cost structure, 21 percent of the 30.28 
million tons moved by water in model I are moved in conjunction with rail. 
Rail is not competitive with water for moving grain from the Corn 
Belt to the Gulf if the grain is produced near the waters of the Mississippi 
River System. When there is a shortage of rail equipment, the substitu-
tion of truck-barge movements to the Gulf should be coordinated so 
that the combined truck-barge method substitutes for those shipments where 
rail has the least comparative cost advantage. 
The cost disadvantage for trucks 
The use of trucks for interregional grain shipments depends largely 
on the quantities shipped by a combination of truck and water. More 
trucking occurs when the part of rail cost independent of distance is 
increased 50 percent and that part dependent on distance is decreased 10 
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percent. All-in-all, trucks are used only for movements shorter than 
100-125 miles under the cost minimization systems represented by the models. 
In actuality trucks do haul grain longer distances. Advantages of truck-
ing may include such characteristics as timeliness, availability, and 
maneuverability that are not built into the models, but its major dis-
advantage is its overall high cost. 
The cost of loading and unloading grain 
Grain elevator costs of loading and unloading grain average approxi-
mately 20 percent of the estimated interregional grain transportation 
costs (Table 1.1). Consequently, such costs are an important part of 
the total grain distribution costs and they should be included in grain 
marketing decisions. 
The location of grain production 
The location of grain production is affected little by the moderate 
changes in the models in transportation costs and the reallocation of ex-
ports among port regions. The differences in the models would more than 
likely be reflected by changes in grain prices and returns to resources 
than by significant relocations of grain production. There are, however, 
substantial differences between the models in grain flows and the choice 
of transportation mode. 
A consideration of fuel costs 
Fuel prices rose more rapidly between 1972 and 1974 than the prices 
of other inputs required by the transportation industry. Based on an 
analysis of fuel consumption by alternative transportation modes and 
the transportation cost structures in the models a significant fraction 
of barge and truck traffic is likely to switch to rail transportation 
because of higher energy costs if sufficient railroad capacity exists. 
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II. THE GRAIN TRANSPORTATION PROBLEM 
A whole set of domestic grain transportation problems became in-
tense in 1972. They included shortages of grain-hauling equipment, rail 
line abandonment, financial problems for some railroads, highway and 
waterway congestion, and competition among rail, water, and highway modes 
of transportation. This problem set was greatly magnified because of 
the tremendous increase in the demand for rail equipment to handle grain 
destined for export. And in 1973 the energy crisis added yet another 
dimension to the grain transportation situation. These problems were not 
all new. For more than a century there have always been one or two nag-
ging questions pertaining to grain transportation. 
The grain transportation problem is a sensitive one for many people 
because inadequate and slow grain shipments can easily disrupt the normal 
operations of farmers, grain elevators, processors, merchandisers, feed 
manufacturers, livestock producers, transportation firms--a real domino 
effect all the way to the consumer. Its effects include price instability, 
inefficiency and congestion in the grain handling industry, periods of 
depressed farm marketings and realized farm prices, and higher inflation 
stemming from the ultimate increases in food prices. Many studies and 
analyses have been made concerning the location of grain production and 
utilization. Frequently these studies contained elements of the grain 
transportation system, but few studies have concentrated upon transpor-
tation as this one does. The results of this study compare the national 
and regional effects of several alternative transportation systems and 
levels of grain exports. 
Objectives of the Study 
Grain transportation is much more than the mere flow of grain be-
tween points. Understanding the needs for grain transportation facili-
ties and equipment requires knowledge of how much grain is to be shipped. 
This information is essential for determining what transportation services 
should be provided and how these services should be organized. Information 
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on the demand for grain transportation services is needed at the local, 
regional, and national levels because the railroads and highways are na-
tional networks and the waterways service many of the grain producing 
areas. The national aggregate requirements for grain hauling services 
are especially important. Local and regional shortages can be allevi-
ated by bringing equipment from other localities. But if the shortage 
becomes national, the redistribution of equipment among regions can no 
longer alleviate the problem. 
Grain is hauled by farm wagon, truck, rail, barge, and ship. The 
effectiveness of the various modes must be analyzed if fuel, labor, and 
other resources are to be wisely used. In addition to wasting resources, 
an inefficient mix of transportation modes is likely to result in lower 
grain prices for producers and higher food costs for consumers. The 
transportation mode or modes selected for a particular grain shipment 
depends on the cost, availability, and timeliness with regard to the 
delivery date of the modes that are accessable. 
The movement of grain from where it is produced to where it is 
utilized is a large problem of coordination that can be minimized only 
if the supply, transportation, and demand sectors of the grain industry are 
each mutually aware of their interdependencies. The grain marketing in-
dustry depends on a large number of decision makers: farmers, elevator 
managers, speculators, livestock producers, and others in the food chain 
including consumers and their decisions on the consumption of meat, milk, 
eggs, cereals, and other products made from grain. Grain production is 
not only determined by a large number of producers, but it is affected 
by natural factors such as weather, diseases, and insects. These same 
natural factors also occur in foreign countries and cause variations 
in the level of grain exports from the United States. Perfect synchro-
nization of the supply, transportation, and demand sectors of the grain 
industry is more than can be expected with the large number of decision 
makers and the uncertainties of production. Nevertheless, the historical 
record of grain transportation difficulties provides the motivation for 
trying to improve upon the past. 
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This report addresses the potential future problems of transporta-
tion equipment shortages in relation to the quantities of grain that will 
likely be shipped. It focuses on the amount of transportation services 
that will be required for interregional grain movements in 1980 and the 
distribution and use of these services. It presents the quantities and 
costs of grain shipments for alternative transportation networks and ex-
port demands for grain and the implications of each system. In addition 
to these problems, the results reported also have implications for rail 
line abandonment, highway congestion, and the demand for fuel--all are 
important issues surrounding gra_in shipping. The production, transpor-
tation, and demands of the grains are interdependent. Emphasis is placed 
on transportation, but the location of production and demand are impor-
tant to transportation because it is the link between the other two. 
Historical Perspectives 
Grain production, farm sales, and exports 
Grain production and sales are a large and important sector of 
agriculture in the United States. Grain sales (wheat, soybeans, corn, 
oats, barley, and grain sorghum) from farms in 1971 were $9.9 billion, 
18.7 percent of cash receipts of all commodities sold from farms. 1 
Grain remaining on farms where it is grown and used as an input for 
livestock production is also important. The value of total production 
of these six grains in 1971 was $13.4 billion. 
The quantities of grain sold from farms has increased dramatically 
during the past two decades (Table 2.1). Annual grain production doubled 
between 1951 and 1972, but grain sold from farms tripled. One-half of the 
1The value of grain farm sales were computed by multiplying the 
quantity sold from farms by the average price received by farmers [59]. 
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Table 2.1 Combined wheat, soybeans, and feed-grain production, farm sales, 
domestic disappearance, and exports in 1951, 1961, 1971 and 
1972. 
Year 
1951 
1961 
1971 
1972 
1961 
data 
Domestic 
Productiona Farm salesa DisaEEearanceb ExEortsc 
Tons (million) Tons (million) Tons (million) Tons (million) 
and percentage and percentage and percentage and percentage 
of 1951 of 1951 of 1951 of 1951 
grain grain Eroducts 
143 ( 100) 66 ( 100) 138 ( 100) 16.7 ( 100) 1.9 ( 100) 
197 ( 138) 117 (177) 166 ( 120) 33.3 ( 199) 4.3 (226) 
290 (203) 199 (299) 215 ( 156) 53.2 (319) 7.3 (384) 
285 ( 199) 201 (303) 221 ( 160) 88.2 (528) 8.3 (437) 
aData are for the crop years for each of the ~rains. The 1951 and 
data are from 1967 Agricultural Statistics [59J and the 1971 and 1972 
are from Field CroEs, May 1974 (49]. 
bData are for years beginning July for oats, barley, and wheat; 
September for soybeans for 1961, 1971, and 1972 and October for soybeans 
in 1951 and for corn and sorghum. The data for soybeans includes all 
soybeans crushed in the United States. Data for 1951 and 1961 are from 
1967 Agricultural Statistics [59] and data for 1971 and 1972 are from Wheat 
Situation, Feb. 1974 [32] for wheat, Fats and Oils Situation, Feb. 197_4 __ __ 
[19] for soybeans, and Feed Situation, Feb. 1974 [20] for the feed grains. 
cData are for years beginning July 1 as reported in United States 
Foreign Agricultural Trade Statistical ReEort, Fiscal Year 1973 (22]. 
increase in sales was because of greater production; the other one-half was 
because of the rise in the percentage of production sold from farms. This 
increased percentage in sales resulted from an increased degree of spe-
cialization among grain producing and livestock feeding farms, a substantial 
rise in grain exports, and a rapid increase in soybean production. Unlike 
feed grains, essentially all soybeans are sold from farms. They must be 
manufactured into meal and oil before they can effectively be fed to livestock. 
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The increase in grain sales was greater for tons than bushels be-
cause there was a shift from the less dense grains (oats and barley) to 
the more dense grains (corn, grain sorghum, and soybeans). The number of 
bushels of these grains sold from farms increased from 2,445 million 
in 1951 to 7,159 million in 1972, an increase of 292 percent. The increase 
,in the weight of the grain sales was 303 percent for the same period. 
The sale of such large quantities requires a large transportation system, 
but unfortunately, the modes of this system and the hauling distances are 
not generally recorded. 
The rate of increase in domestic disappearance has been less rapid 
than the rates of increase in exports of both whole grain and grain con-
tained in products. The trend of the aggregate data in Table 2.1 is 
very clear, although for individual grains the data may slightly understate 
or overstate the trends. Grain production, farm sales, and domestic 
disappearance have increased at steady rates with year-to-year fluctua-
tions. The same can also be claimed for exports until 1972 except the 
year-to-year fluctuations were greater. But in 1972-73, the increase in 
exports was very dramatic; grain exports increased 66 percent in one year 
from 1971-72 to 1972-73. In contrast, the average annual rate of increase 
in grain exports between 1951 and 1971 was 6 percent. The increase in ex-
ports from 1971-72 to 1972-73 was 11 times greater than the average annual 
increase that had occurred in the previous 20 years! Exports of grain and 
grain products in 1972-73 were equal to 45 percent of the domestic dis-
appearance of grain and for every 2.24 tons of grain utilized domesti-
cally, one ton was exported. 
There were several reasons for the sudden jump in the foreign demand. 
The production of grain in Eastern Europe, Asia, parts of Africa, Aus-
trailia, Argentina, and the United States was significantly down in 1972 
largely because of low rainfall. Coincidental with undesirable weather, 
the political situation was condusive to expanding trade with the Union 
of Soviet Socialist Republics and the Peoples' Republic of China. These 
two countries alone increased their imports of feed grains, wheat, and 
soybeans from the United States by nearly 14 million tons between 1971-72 
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and 1972-73. 1 United States' total exports of these grains increased 
35 million tons between fiscal years 1972 and 1973; thus, the increased 
exports to the USSR and the Peoples' Republic of China comprised 40 
percent of the total increase in exports. 
The United States held the value of the dollar at $35 per ounce of 
gold from 1933 to 1971. But in December 1971 the dollar was devalued to 
$38 per ounce of gold. In February 1973 it was further devalued to 
$42.22 per ounce of gold. The combined devaluations were more than a 
20 percent decline in the value of the dollar. If the currency of a 
country buying grain from the United States had not changed in value, and 
the price of grain in U.S. dollars had not changed, then the buying coun-
try could have purchased more than 20 percent more grain after the U.S. 
dollar devaluation than it could have purchased before it with a constant 
amount of its own currency. That is, the U.S. dollar devaluation made 
grain purchased by foreign countries from the United States less expen-
sive assuming other things were unchanged. 
Among other factors that resulted in large exports was the low har-
vest of anchovies off the coast of South America. Anchovies are small 
fish that are used to obtain high protein products that are competitive 
with soybeans. A higher level of inflation in some importing countries 
than in the United States continued to make grain imports from the United 
States less expensive. Finally, there has been a continuing change to diets 
that include more livestock products that require a lot of grain to 
produce as well as higher food consumption associated with rising standards 
of living. 
Domestic grain transportation 
Railroads Grain is an important cargo for the railroads. Grain 
provided 5.2 percent of all railroad revenue carloadings in 1972 [34]. 
The only other commodity categories accounting for larger percentages of 
all carloadings were coal (17.5 percent), metallic ores (6.6 percent), 
and chemicals and allied products (5.4 percent). The total number of all 
carloadings of all commodities declined from 40,499,182 in 1951 to 
1calculated from United States Foreign Agricultural Trade Statisti-
cal Report [23]. 
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25,260,858 in 1971, a decline of 62 percent [34]. The percentage of car-
loadings comprised of grain increased frotn 3.3 percent in 1951 to 5.0 
percent in 1971. 
The number of rail cers loaded with grain declined 10 percent but the 
number of tons of grain hauled by the smaller number of cars increased 31 
percent from 1951 to 1971 (Table 2.2). The number of grain carloadings de-
clined 17 percent between 1961 and 1971 but even then the tons of grain 
hauled increased 13 percent. The increase in the number of carloadings in 
1972 is a reflection of the large increase in exports during the latter part 
of the year. 
Normally grain is hauled in either boxcars or covered hopper cars. 
Table 2.3 shows the available capacity for plain boxcars and covered hopper 
cars for approximately comparable years as those in Table 2.2. 1 The 40-fo9t 
narrow-door boxcar usually hauls about 62 tons of grain and the jumbo covered 
hopper car usually hauls about 97 tons when weight is the constraining 
characteristic of the grain. The average tons hauled per car was 74.7 in 
1971 as computed from Table 2.2. That average is 13 percent larger than the 
weighted average capacity of boxcars and hopper cars in Table 2.3. The 
cars used for hauling grain have a larger than average capacity. 
The total combined capacity of boxcars and hopper cars has increased 
because the average capacity per carload increased 40 percent (Table 2.3). 
The number of cars loaded with grain has fallen, but the percentage de-
cline is not nearly as large as the percentage increase in the weighted 
average capacity of boxcars and covered hopper cars. As a consequence, 
the quantity of grain hauled by rail has increased (Table 2.2). 
The number of covered hopper cars has increased but the number of 
boxcars has declined (Table 2.4). The railroad companies owned nearly all 
the boacars and only 76 percent of the covered hopper cars in 1972. The 
percentage of the total unequipped boxcar and covered hopper car capacity 
owned by railroads can be estimated using the average car capacities of 
Table 2.3 and the ownership statistics in Table 2.4. Railroad companies 
owned more than 99 percent of the capacity in 1951, but their share had 
fallen to less than 89 percent in 1972, the change being dramatic in the 
1962-72 decade. 
1 Not all plain boxcars and covered hopper cars are used for hauling 
grain. 
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Table 2.2. Grain carloadings and tons of grain hauled by rail in 1951, 
1961, 1971, and 1972. 
Year 
1951 
1961 
1971 
1972 
Grain carloadings 
(1,000) 
1,436 
1,561 
1,299 
l ,354 
Tons hauled 
(1,000) 
74' 103 
85,655 
97,023 
105,63') 
Solirces: The 1951 anrl 1961 rnrloadings and tons ha1iled :ne cmnputed 
as the sum of w!1eat, corn, r1nd o! lii't· grains reported in the Anm_Ia_!_B_~por!=_ 
of the I.nterstate Commerce t:_t:!_lll:ni_s:';_i_on [39]. CrAin carloadings aiJ(] tons 
for 1971 and 1972 are taken rr·o111 the l(l7l and l(J72 editions of f_r_cigl:l:_ 
Co111modity Statistics Class I H<lilro<lds L7J. 
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Table 2.3. Number of boxcars and covered hopper cars, their average and 
total capacities for 1950, 1962, 1971, and 1972. 
Boxcars,a 
unequipped 
1950 
(number) 666,484 
Average box-
car capacityb (tons) 47.6 
Total boxcar 
capacity (thousand 
tons) 31,725 
Covered hoppera 
cars (number) 22,487 
Average hopper car 
capacityb (tons) 58.0 
Total hopper car 
capacity 
(thousand tons) 1,304 
Total boxcar and hopper 
car capacity (thousand 
tons) 33,029 
Weighted average 
capacity of boxcars 
and hopper cars (tons) 47.9 
1962 1971 1972 
591,738 357,850 340,163 
50.0 54.9 55.3 
29,587 19,646 18,811 
80,118 179,919 186,219 
70.6 88.2 89.7 
5,656 15,869 16,704 
35,243 35,515 35,515 
52.5 66.0 67.5 
acar numbers for 1950 amd 1962 are from private communication with 
Association of American Railroads, Washington, D.C.; for 1971 and 1972 
they are from Yearbook of Railroad Factors [34]. 
bThe average capacities for 1950 are from Statistics of Railways in 
the United States for year ended December 31, 1950 [9]. The covered 
hopper car capacity is estimated by the average capacity of gondola and 
hopper cars. The 1962 and 1971 average capacities are from Statistics 
of Railroads of Class I in the United States Years 1961 to 1971 [33]. 
Average capacities for 1972 are estimated on the basis of the average 
annual increase between 1950 and 1971. 
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Table 2.4. Number and ownership of boxcars and covered hopper cars in service 
at end of 1950, 1960, and 1972. 
Uneguieeed boxcars Covered hopper cars 
Year Total OWned by Total OWned by 
Railroads Other Railroads Other 
1950 666,484 563,628 2,856 22,487 20,485 2,002 
1962 591,738 578,834 2,904 80,118 69,106 11,012 
. 
1972 340,163 339,613 550 186,219 142,309 43,910 
Source: The 1950 and 1962 data are from private communication with 
the Association of American Railroads, Washington, D.C. and the 1972 data 
are from the 1973 Yearbook of Railroad Facts (34]. 
The ratio of grain carried by rail to grain sold from farms declined 
from 1.116 in 1951 to .487 in 1971. In 1971 rail carried, 96,858 million 
tons of grain, 31 percent more than in 1951. 1 This 31 percent is in sharp 
contrast to the doubling of production and tripling of grain sales from 
farms. Possible explanations of the change in the ratio of grain carried 
by rail to grain sales include: (1) The increased sales were spurred 
largely by increased exports and a large portion of the exports were car-
ried by water to New Orleans. (2) The average distance grain is shipped 
has declined, consequently, the share of grain hauled by trucks increased. 
(3) Rail services for grain transportation became less competitive vis-a-vis 
water and truck. (4) The supply of rail equipment has lagged behind the 
growth in its demand. 
1The ratio of grain carried by rail to grain sold from farms was 
0.525 in 1972 when 106 million tons were carried by rail and probably 
rose to more than 0.60 in 1973 when 131 million tons were carried by 
rail. Grain sales in 1973 were 225 percent larger than in 1951 if 72 
percent of production was sold but the quantity transported by rail in 
1973 was only 77 percent greater than it was in 1951. The current rever-
sal of the long-term trend is the result of large quantities being removed 
from storage and exported. See Table 2.1 for grain sales and Table 2.2 
for tons hauled. 
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The ratio of bushels of grain exports to grain sales was .253 in 1951 
and . 285 in 1971. 1 Barge grain traffic increased 21.3 mill ion tons and 
domestic water traffic 19.2 million tons between 1951 and 1971. Grain 
exports, in contrast, increased 36.5 million tons. Thus, many of the 
increased grain exports were carried by something other than water and the 
slow growth in the quantities hauled by rail cannot be explained solely 
by the movement of grain to ports via water. 
The average distance grain sold from farms is hauled cannot be 
documented with available data. The number of soybean processing plants 
has declined although their average capacity has increased in recent years 
[19]. The export of uncrushed soybeans increased from 6 percent to 33 per-
cent of production between 1951 and 1972. Both the decreased number of 
soybean processing plants and the increased share of exports imply that 
the average distance soybeans are hauled may have increased rather than 
declined. 
The export share of the disposition of feed grains increased from 
four percent in 1951 to 13 percent in 1971. The increased specialization 
among livestock and grain farms has increased sales from farms but the in-
creased sales may be going only to nearby farms. However, the ratio of 
the sum of the state deficits--feed grains produced less feed grains 
fed--to national feed-grain production averaged .155 in the three years 
from 1960-61, to 1962-63 and it averaged .195 in the three years 1968 
through 1970 [26 and 27]. Likewise, the ratio of the sum of the state 
surpluses to production averaged .307 in the former years and .380 in 
the latter. These ratios show that. the average distance feed grains are 
hauled has not decreased; it does suggest that a higher percentage of feed 
grains are hauled interstate. It is reasonable to assume that the increase 
in interstate movements has not reduced the demand for rail to haul feed 
grains. 
lThis ratio was 0.335 in calendar year 1972, 0.438 in fiscal year 
1972, and probably near 0.47 in calendar year 1973. Exports of grain 
products were not included in the calcuation of these ratios because of 
the dominance of whole grain. 
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The location of flour mills has, if anything, shifted out of, rather 
than into, the major wheat producing areas because transportation rates 
for wheat declined relative to rates for flour. Ten percent more of the 
total wheat production was in the West North Central Division and 1 per-
cent more in the West South Central Division in 1971 than in 1951.1 
The percentage of the total production in all other areas declined. In 
contrast, the share of the value of wheat flour shipments from mills in 
the West North Central and West South Central Divisions declined between 
1954 and 1967. 2 The ratio of wheat exports to wheat production has fluc-
tuated from year to year, but there has not been any downward trend in 
the ratio. These trends do not suggest any major decline in the average 
distance wheat is hauled. 
These descriptions of the trends in the grain industry suggest the 
average distance grain is hauled has not declined, at least it has not de-
clined because of a disproportionate increase in short distances of, say, 
less than 100-150 miles. 
It seems unlikely the low increase in the transportation of grain 
via rail compared to the increase in grain production and sales can be 
explained largely be changes in the structure of the grain industry. 
Consequently, the small increase in grain rail shipments compared to grain 
production and sales from farms must correspond to either higher prices 
for rail vis-a-vis water and especially truck. A shortage of rail equip-
ment, or both. Milner argues that in 1958 the railroads attempted to 
become more competitive by switching from a rate-increasing to a rate-
decreasing policy [43]. But during the past two decades there were also 
recurrent rail equipment shortages. More grain may be carried by truck 
because motor carriers gained a larger share of the freight traffic, 
especially between 1950 and 1960 [43]. Grain has traditionally been used 
lThese regions correspond to those of the Census of Manufacturers [13] 
and the production of the regions is computed from the 1951 Agricultural 
Statistics [59]. 
2The wheat flour mill industry is Standard Industrial Classification 
Number 20411. The value of shipments are from the Census of Manufacturers 
[13]. 
-----~---
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by motor carriers as a backhaul and often backhauls are very competively 
priced. This may have resulted in more competitive bidding by motor 
carriers for grain hauls and a shift away from rail. 
Waterways Waterways provide a major mode for the movement of 
domestic cargo in the United States. Traffic on the Mississippi River 
System increased rapidly from 6 billion ton-miles in 1935 to 142 billion 
ton-miles in 1971 [2 and 58]. Coastal and Great Lakes traffic increased 
much more slowly. In fact, the domestic Great Lakes traffic actually 
declined between 1951 and 1971. 
The importance of domestic grain cargo and inland shipping is 
summarized in Table 2.5 1 Four observations are apparent: First, the 
absolute and relative levels of grain carried increased greatly in 20 
years. Second, grain is substantially more important in internal traffic 
than it is in all domestic traffic. Third, grain comprises a larger share 
of water traffic when measured in ton-miles than when measured in tons. 
Grain is hauled substantially longer distances than is the average cargo. 
Fourth, barges have increased their share of the total grain carried by 
domestic waterways. 
In 1971, 231 percent more grain was carried on domestic waters than 
in 1951, a larger relative increase than the 200 percent increase in grain 
sold from farms. Barge traffic has increased more than the domestic 
water traffic and Great Lakes grain traffic has declined. Grain became 
a larger share of the tonnage and ton-miles of all cargo, especially 
that carried by barge (Table 2.5). Grain has become without question an 
important cargo for domestic water carriers. 
The large increase in grain water traffic from 1971 to 1972 is a 
reflection of the large increase in exports during the latter half of 1972. 
lnomestic traffic is the aggregation of all coastwise, lakewise, in-
ternal, local, and intraterritory traffic. Intraterritory traffic is 
traffic between the points of Puerto Rico and the Virgin Islands. Local 
traffic is movement within the confines of a port. Internal traffic is 
traffic confined to the inland waterways; i.e., traffic that moves both on 
the inland rivers &nd the Great Lakes, traffic that moves short distances 
in open waters which link inland rivers, and traffic solely on the rivers. 
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Table 2.5. Domestic grain movements carried by water in 1951, 1961, 
1971, and 1972. 
Domestic grain traffic 
Tons (thousand) 
(percentage of all goods) 
Tons-miles (million) 
(percentage of all goods) 
Internal grain traffic 
Tons (thousand) 
(percentage of all goods) 
Ton-miles (million) 
(percentage of all goods) 
Barge grain traffic 
Tons (thousand) 
(percentage of all goods) 
1951 
8,327 
1.2 
7,562 
1.7 
3, 910 
1.8 
3,606 
5.9 
4,349 
.6 
1961 
13' 789 
1.9 
12,524 
2.7 
10,257 
3.5 
9,460 
11.2 
10,523 
2.8 
1971 
27,555 
2.9 
28,498 
4.8 
24,931 
5.2 
22,670 
14.1 
25' 6 77 
4.4 
1972 
35,254 
3.6 
38,132 
6.3 
32,564 
6.4 
35,354 
19.9 
33,392 
5.4 
Sources: Water-borne Commerce of the United States [2] and Annual 
Report of the Army Corps Chief of Engineers [58]. 
Not only was there a drastic 32 percent increase in the tons of grain 
hauled, but the average distance a ton was varried also increased, re-
sulting in the large, 56 percent, increase in ton-miles of grain traffic 
on internal waterways. The tons of grain carried by barge increased even 
more than the total tonnage of all domestic traffic. 
Trucks A large quantity of grain is hauled by truck but, unfor-
tunately, no comprehensive statistics are available for truck shipments. 
Grains are exempt from commodity specific regulations for motor carriers. 
Grain is hauled by truck brokers, for-hire truckers, private truck opera-
tors, and regulated motor carriers. Four studies surveyed the first 
three types of truckers [24,25,28, and 30]. These studies surveyed 
analyzed a survey of operators, but it is very difficult to estimate 
the universe sampled and the relative significance of the sample size. 
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The tons of various grains hauled by class I common and contract carriers 
of property are reported annually [ 11]. Again, however, the percentage 
of all grain hauled by these carriers is not available. Several regional, 
state and local studies of grain movements provide data on grain hauled 
by trucks [1,4,31, and 56].1 A five state study (Arizona, Colorado, New 
Mexico, Oklahoma, and Texas) includes the quantity of grain shipped or 
received by truck or rail from elevators in the three year period from 
1960 to 1962 (31]. All shipments were divided into a two-way classifi-
cation system: interstate vs. intrastate shipments and country vs. ter-
minal elevators. Ninety-five percent of the country elevator and 20 per-
cent of the terminal elevator receipts were by truck. Not surprisingly, 
a higher percentage of intrastate than interstate receipts were by truck 
for both types of elevators. Sixty-three percent of the shipments from 
country elevators and 16 percent of the shipments from terminal elevators 
were by truck. Thompson found 14 percent of the corn and 22 percent of 
the soybeans shipped from Iowa during 1962-65 were hauled by truck [56]. 
Four percent of the corn and soybeans were shipped from Iowa by a truck-
barge combination. The North Central Region study for 1956-58 indicated 
that 30 percent of nongovernment grain shipped from country elevators 
was shipped by truck (1]. Unfortunately, these studies are limited geo-
graphically. 
Former studies for specific regions clearly show that substantial 
quantities of grains are hauled by truck. On a national level it seems 
most likely that the transportation of grain by truck has been increasing. 
In 1951, 24 percent more grain was hauled by rail and water than was sold 
from farms, but by 1971, 37 percent more grain was sold from farms than 
hauled by rail and water (Table 2.6). Possibly, part of this change may 
be explained by a reduction in the quantity of grain hauled more than once. 
However, most of the 37 percent not hauled by rail or water in 1971 must 
have been hauled by truck. In addition, some of the grain hauled by rail 
and water would also have been hauled by truck. 
lThere are more studies. These were selected as being representative. 
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Table 2.6. Grain sold from farms, hauled by rail, and hauled by water in 
1951, 1961, and 1971. 
1951 1961 1971 
Grain sold from farms 
(1,000 tons) 66,405 117,546 198,783 
Estimated grain hauled 
by rail (1, 000 tons) 74,103 85,655 97,023 
Estimated grain hauled 
by water (1,000 tons) 8,327 13,789 27,555 
Total estimated rail 
and water (1,000 tons) 82,430 99,444 124,578 
Ratio of line 4 to 1 1.24 . 85 .63 
Sources: Tables 2.1, 2.2, and 2.5. 
The 1972-73 grain transportation crisis 
Beginning shortly after the harvesting of spring wheat in 1972 there 
was a very large increase in the foreign demand for grain. The simultaneous 
increase in the demand for transportation services to move grain from in-
ternal storage facilities to the ports and the normal transportation 
requirements to market the wheat crop began to put pressure on the trans-
portation industry. The pressure became more intense when grain-hauling 
equipment backed-up in queues as a result of the arrival of large volumes 
of grain at ports. Then the harvesting and marketing of oats, barley, 
sorghum, soybeans and finally corn added to the demand for grain transpor-
tation. The grain transportation shortage continued to build through 
the following year. A September 2, 1973, newspaper account summarized the 
severity of the transportation shortage in the grain market by reporting: 
( 1) Privately-owned or leased rail cars were paid premiums as high as 
25 cents per bushel for hauling grain, (2) Increased demand for grain haul-
ing equipment had doubled truck and barge rates within the past year; and 
(3) Iowa elevators had offered to buy corn from farmers at $2.10 when the 
Chicago cash value was $2.74 per bushel [40]. Historically the difference 
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between the Central Iowa and Chicago corn price has been 20-25 cents per 
bushel, less than one-half the 64 cents per bushel difference reported 
during the crisis. 
The 1972-73 transportation crisis was the result of a very large and 
sudden increase in the foreign demand for grain. In retrospect, the total 
domestic utilization (disappearance) of feed grains, soybeans, soybean 
meal, and wheat increased from 215 million tons in 1971-72 to 221 million 
tons in 1972-73, less than a three percent increase (Table 2.1). In con-
trast, the combined exports of wheat, soybeans, and feed grains increased 
from 53 to 88 million tons, an increase of 66 percent. 
Grain exports have a large influence on domestic grain transporta-
tion. In 1972-73 nearly one ton of grain was exported for each two tons 
sold from farms where grown. Grain production, domestic disappearance 
and farm sales changed little between 1971-72 and 1972-73 (Table 2.1). 
These changes, especially farm sales, imply that grain transportation would 
not have changed very much either. But the number of railroad cars loaded 
with grain increased more than 26 percent, and it is estimated the quan-
tity of grain carried by rail increased 32 percent (Table 2.7). The quan-
tity of grain shipped on the inland waterways also increased 32 percent 
between 1971 and 1972 (Table 2. 7). Approximately 30 million more tons of 
grain were shipped by rail in 1972-73 than in the previous year. If this 
increase in rail shipments is added to the 8 million ton increase in water 
shipments between 1971-72 to 1972-73 the total increase in rail and water 
shipments was 38 million tons. The total change in feed-grain, soybean, 
and wheat exports for the same period was 35 million tons. This shows the 
very strong relationship between the increase in exports and the increase 
in grain shipments by rail and water. 
It may seem somewhat surprising that the estimated increase in rail 
and water shipments from 1971-72 to 1972-73 was 3 million tons larger 
than the increase in exports. Generally it would seem that there was an 
increase in the quantity of grain hauled by truck as well as that hauled 
by rail and water. Does the data refute that belief? No, for several 
reasons it does not. Table 2.1 shows that for wheat, soybeans, and feed 
grains farm sales increased 2 million tons and domestic disappearance 6 
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Table 2.7. Carloads and tons of grain carried by rail in 1971-72 and 
1972-73 and tons of grain carried by water in 1971 and 1972. 
Rail car loaded 
with a graina 
(1000) 
Estimated grain 
hauled by raub 
(million tons) 
Grain shippedc 
on inland water-
ways (million tons) 
Year 
1971-72 1972-73 
1,263 1,597 
94.3 124.6 
25 33 
Percent increase 
between 1971-72 and 1972-73 
26 
32 
32 
aThe data are for all grains for years beginning July 1 and are from 
Revenue Freight Loaded by Commodities and Total Received from Connections 
Association of American Railroads, Washington, D.C. 1971-1973 issues. 
bThe estimates are based on the average load per can of 74.67 tons 
in 1971 and 78.03 tons in 1972 as reported in the 1971 and 1972 Freight 
Commodity Statistics for Class I Railroads [7]. 
cThe data are for calendar years 1971 and 1972 as reported in the 
1971 and 1972 Waterborne Commerce of the United States [2]. 
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million tons between 1971 and 1972. This increase in sales and disappearance 
certainly resulted in a greater need for transportation. 1\lso, the exports 
in Table 2.1 do not include rice, rye, and other minor grains. The exports 
of rice, rye, and flaxseed alone increased one million tons between 1971-72 
and 1972-73. These minor grains are included in the rail transportation 
data and rye is included in the water data in Table 2.7. The comparison 
of data in Tables 2.1 and 2.7 is limited because not all the rows are 
based on the same year as shown by footnotes to the tables. In this re-
gard, the largest synchronization problem may arise because the quantity 
of grain shipped by water is based on a calendar year. Barging was re-
stricted on the Mississippi in the spring of 1973 because of flooding. 
Finally, it should be expected that the tons hauled would increase more 
than the combined increase in exports and domestic disappearance because 
some grain is carried by more than one mode of transportation. 
The growth rate of the tons of grain carried by rail and water com-
bined has not been as great as the rate of growth in grain sold from farms. 
This means that either grain is being carried by other modes, namely trucks, 
or a lower percentage of grain is being carried on more than one mode. 
Both explanations may be true, but the difference in the two growth rates 
is so large that the quantity hauled by trucks must be incr~asing. This 
past trend and the large demand for grain transportation services in 1972-73 
do suggest that the quantity of grain hauled by trucks was probably sig-
nificantly larger in 1972-73 than it was in 1971-72. 
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III. METHODOLOGY 
The results of this report are based on minimizing the cost of grain 
production and interregional domestic grain transportation for the United 
States. The analysis permits grain to be transported between 152 grain 
producing regions and 78 consuming or export regions. Whenever grain is 
transported between regions it is transported by the least cost method of 
transportation for moving grain by a particular transportation network. 
Methods of transportation included are rail, water, highway, and combina-
tions of these modes of transportation. The costs of grain production 
and transportation are analyzed for seven different transportation net-
works and for four different levels and port locations of grain exports. 
Together these alternatives comprise a total of 10 separate analyses. 
Each transportation network and export demand configuration is organized 
into a large mathematical (linear programming) model and solved with a 
computer. The 10 alternative models are: 
I. Single-car rail costs (base model) whose characteristics 
are described later. 
II. Base model with the incorporation of 50-car rail shipments. 
III. Base model with 10 percent increase in rail costs. 
IV. Base model with 20 percent increase in rail costs. 
v. Base model with 10 percent increase in barge costs. 
VI. Base model with 20 percent increase in barge costs. 
VII. Base model with alternative single-car rail costs. 
VIII. Base model with the reassignment of 10 percent of the 
Gulf export demand to Seattle. 
IX. Base model with the reassignment of 25 percent of the 
Gulf export demand to Seattle. 
X. Base model with 25 percent increase in grain exports. 
In each model the cost of grain production and transportation is 
minimized subject to several constraints: the yield and cost per acre 
of producing each crop in the 152 producing regions, the total land 
available for producing the crop in each produciong region, the maximum 
and minimum acreage of each crop that potentially is allowed to be grown 
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in each producing region, and the demand for each crop for the 78 consum-
ing regions. The crop yields, demands, and production costs for the base 
model, model I, are based on estimates for a normal year in 1980. A 
normal year implies ordinary or average production and demand conditions 
considered as the most likely yields and quantities demanded in 1980 and 
representative production costs adjusted to reflect 1980 yields. Produc-
tion costs and yields are the same for all 10 models and production in-
puts are valued at 1972 prices. The transportation costs in model I are 
representative of the 1972 transportation network and cost structure. 
Model I, the base model, is the standard to which the other models are 
compared. 
When studying domestic grain transportation it is important to 
include all the major kinds of grain because the same vehicles are used to 
haul each of them. The grains included in this report are wheat, soy-
beans, and feed grains--corn, barley, oats, and sorghums. These six 
grains comprise nearly 90 percent of the total weight of all grains and 
seeds sold from farms. Among the more important crops not included in 
this study are rice, rye, flaxseed, cottonseed, and peanuts. The trans-
portation of cottonseed is excluded from the study but cotton production 
and cottonseed utilization are included because cotton is a major compe-
titor for cropland and cottonseed is an important substitute for soybeans. 
The Mississippi River above the Illinois Waterway, the Missouri 
River, and the Great Lakes carry substantial quantities of grain from 
the producing areas in the Midwest and Northern Plains to other areas. 
But these waters are usually not navigable from approximately December 1 
to April 1. The regional annual demands for soybeans and feed grains are 
divided into two periods, December 1 through March 31 and April 1 through 
November 30. This division permits the models to contain more realistic 
transportation networks. The transportation of soybeans and feed grains is 
assumed to occur in the winter months if the grain is demanded then. Like-
wise, soybeans and feed grains demanded in the period April through Novem-
ber are assumed to be shipped in that period. The demand and transporta-
tion of wheat is maintained on an annual basis because most wheat is harvested 
before the end of August which leaves three months for shipping it prior to 
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the closing of waterways for the winter season. The production of all the 
crops is on an annual basis because the production season is not affected 
by the navigation season. Solutions to the models show the cost of produc-
tion each crop, where it is produced, where it is utilized, and its trans-
portation cost. The transportation costs in the models include the cost 
of loading and unloading transportation vehicles because these handling 
costs depend on the mode of transportation that is used. The quantity 
of each grain that is carried by each transportation mode, the number of 
ton-miles of traffic for each mode and grain, and the handling costs for 
each grain are derived from the models. The general flow of data for the 
several_parts of the analysis is shown in Figure 3.1. 
Mathematical Representation of the Models 
The mathematical optimizing models are linear programming models 
with variables that represent regional grain production and interregional 
grain transportation. A solution to each model is obtained by minimizing 
the objective function (equation) specified as .the annual cost of grain 
production and transportation, ACPT. 
ACPT 
4 Pk 
I: 2: 
k=l i 
+ 
where: k crop index (1 = feed grains, 2 
4 =cotton); 
soybeans, 3 =wheat, and 
i producing region index; 
j = consuming region index; 
t time period index; 
Pk the number of producing regions that apply to crop k· 
' 
Ck the number of consuming regions that apply to crop k· 
' c~ all costs, except 
1. 
land, of producing one acre of crop k 
in region i; 
X~ the number of acres of crop k produced in region i· 
1 ' 
(3. 1) 
34 
Figure 3.1. Schematic flow of the analysis surrounding the linear pro-
gramming models. 
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·-k Ptij the cost of transporting one ton of crop k in time period 
t from produciong region ito consuming region j; 
k Ttij = the number of tons of crop k transported in time period t 
from the producing region i to consuming region j; 
k the of transporting one of k from producing P .. = cost ton crop l.J 
region i to consuming region j; 
k T.. the number of tons of crop k transported from produciong re-
l.J 
gion i to consuming region j. 
The objective function is minimized subject to the following constraints. 
4 
L. 2: L: 
1. k=l 
X~ 
1. 
i = 1' . . . ' 152 
~ ~1 1 FDtj '-' Ttij, t = 1, 2 and j = 1, .•. , 78 
i 
1, 2 and j 1, ••• , 47 
P3 3 
WD. ~L: T .. , j 
1 1. J 
1, ..• , 78 
P4 y~ CD :51:: 
i 1. 
Y~X~ 2 2: L: 
1. 1. t=l 
Y3X3 c3 2:L: 
1. 1. j 
k LB. ~ k X. :$ 
1. 1. 
X. 
1. 
ck k L: Ttij k = 1, 2 and i j 
1, . . • , npk 
3 
T .. ' i 1, . . . , np3 l.J 
UBk for all combinations of i and k that are 
1. defined 
;c!: 0, and T~. 2: 
l.J 
0 for all commodities of k, i, 
t, and j that are defined. 
(3.2) 
(3 .3) 
(3 .4) 
(3. 5) 
(3. 6) 
(3. 7) 
(3. 8) 
(3. 9) 
(3. 10) 
where: L. 
~ 
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land (acres) available in region i for production of the 
crops included in the study; 
FD . the demand (tons) for feed grains for time period t in 
t] 
consuming region j; 
SDtj the demand (tons) for soybeans for time period t in consum-
ing region j; 
ytij the soybean equivalent of the net yield of cottonseed for 
time period t in producing region i which is allocated to 
consuming region j; 
WD. the annual demand for wheat in consuming region j; 
J 
CD = the national annual demand for cotton lint; 
y~ = the net yield per acre of crop k in producing region i• 
LB~ ' = the lower bound of crop k for producing region i· 
' ~ 
UB~ the upper bound of crop k for producing region i. 
~ 
All other variables are defined previously. 
Equation 3.1 does not contain any variables for the transportation 
of cotton lint because only a national demand and no regional demands are 
specified for the model. The relationship between cottonseed and soybeans 
is defined by inequality 3.4. On the basis of feed value, one ton of 
cottonseed meal is assumed to be equivalent to 0.8182 tons of soybean meal. 
The demands and yields for soybeans and cottonseed yields are expressed 
in soybean meal equivalent units. The projected demand for cottonseed 
meal is converted to a soybean meal equivalent and then aggregated with 
the soybean meal demand. This aggregated demand is distributed among the 
consuming regions in proportion to the regional soybean meal demands alone 
forming the SD . variables in the model. The model is designed so that 
tj 
the net cottonseed production in each producing region is allocated among 
the consuming regions in proportion to the regional soybean meal demands. 
Thus the endogenous quantity of cottonseed production determined by the 
model is prevented from changing the percentage allocation of the demand 
for soybean meal among the regions. The national level of cotton produc-
tion is determined by the fixed point demand for cotton lint and the ratios 
of the yields of lint and seed vary among the regions. All crop yields 
are net of the seed required for production. 
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Corn, grain sorghum, barley, and oats are aggregated into feed grains 
hy weighting them by their relative feed values. A unit weight of corn 
is used as the standard unit. Unit weights of grain sorghum, barley, and 
oats are assigned corn equivalent feed values of .95, .90, and .90, re-
spectively. The demands and yields are expressed in corn equivalent 
feed units because of the aggregation of the four grains into feed grains 
and because the demands for grains by livestock are determined in feed 
units. Wheat demands and yields are also in terms of corn equivalent feed 
values. A unit weight of wheat is assigned a value of 1.05 
The transportation cost coefficients in equation 3.1, 
feed 
k 
Pt .. 1] 
represent transportation costs for unprocessed and unmixed grain. 
units. 
k 
and P .. , 
1] 
The 
transportation costs for each of the grains are calculated and then trans-
formed to be consistent with the expression of the yields and demands in 
terms of corn equivalent units. The combination of corn, grain sorghum, 
barley, and oats creates special problems for the development of trans-
portation costs for feed grains. The costs of shipping barley and oats 
are greater than for the other grains because of their lower density; con-
sequently, the transportation costs of feed grains depends on the mix of 
2 the four grains. The cost of shipping feed grains, Pt .. , is calculated 
1] 
by weighting transportation costs of the individual grains by their 
relative physical weights in the estimated composition of feed grains 
shipped from each producing region as given by equation 3.11. 
where: m 
m 
ct .. 1.] 
4 
m 
L: ct .. 
tiF1 1 ] 4 
t 
(3 .11) 
the index for the four grains that comprise feed grains; 
the cost of transporting a ton of grain m in time period 
t from producing region ito consuming region j; 
Y~ the tons of grain m produced per acre of the feed grains 
1. 
rotation in producing region i; 
Sm = the 1970-72 average ratio of the quantity sold from farms to 
s 
the quantity produced for grain m in state s containing pro-
ducing region i. 
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Inequality 3.2 represents the limits of the total amount of land 
available in each of the 152 producing regions. The use of land is 
constrained from exceeding the quantity available. In addition to the 
regional total land availabilities, the level of production of the in-
dividual crops is constrained by the bounds specified by inequality 3.9. 
The upper and lower limits are arbitrarily specified to permit some 
choice in the location of production but to prevent total regional spe-
cialization that could result from the linear characteristics of the model. 
Inequalities 3.3, 3.4, and 3.5 require the quantities of crops 
shipped into a consuming region to be at least as large as their demands. 
The annual demands for feed grains and soybeans are based on two time 
periods, December through March and April through November. Inequality 
3.6 requires the production of cotton lint to be at least as large as its 
national demand. 
The level of production of a crop in a producing region is required 
by inequalities 3.7 and 3.8 to be at least as large as the quantity of 
the crop exported from the region. The last set of constraints, in-
equality 3.10, is the standard requirement that no activity is permitted 
to be negative. 
Producing Regions 
The major grain and cotton growing areas of the 48 contiguous states 
are divided into 152 producing regions (Figure 3.2) by aggregating counties 
with similar production characteristics. Not all regions possess the 
agronomic features required for the production of each of the four indi-
vidual crops. A town or city near the geographical center of a region 
and generally with a railroad represents the origin of the grain produced 
in the region. 1 
1The availability of railroads is based on maps in Handy Railroad 
Atlas of the United States [45]. The towns for regions 18, 122, and 128 
are not on a railline. 
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Nearly all wheat, soybeans and feed grains are produced within the 
152 regions. In 1969, 3.2 percent of wheat, 1.2 percent of soybeans, 3.0 
percent of feed grains, and 1.0 percent of cotton were produced outside the 
152 regions. 1 The models recognize this production because the projected 
1980 demands for each consuming region are reduced by the 1969 level of 
production that occurs outside producing regions but within the consuming 
region. 
Consuming Regions 
The 48 states are partitioned into 73 regions of domestic demand 
for grain (Figure 3.3). Each consuming region has a demand for feed 
grains and wheat but only 42 have a demand for soybeans (Table 3.1). 
Fourteen regions are identified as regions of export demand for grain; 
nine of the 14 are already specified as domestic consuming regions 
(Table 3.1). Every region has a hub, a center of transportation and 
commerce, that represents the location of its demands. 
Transportation Costs 
The models require transportation costs between each produciong re-
gion and consuming region by crop and time period. The costs of moving 
grain by rail, water, highway, and combinations of the three are estimated. 
The transportation costs are those encountered by the transportation in-
dustry. The "cost" of transportation to the grain industry is the price 
of grain transportation services and is dependent on both the demand and 
supply of those services. No transportation costs are applied to move-
ments of grain from a producing region to a consuming region if part 
or all of the producing region lies within the consuming region because 
the exact location of production and demand within the regions is not 
identified. 
1The production statistics were computed from the 1969 Census of 
Agriculture [12]. 
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Table 3.1. Consuming region numbers, hubs, and existence of demand for soybeans. 
Number 
1. 
2. 
3. 
4. 
5. 
6. 
7.b 
8. 
9. 
lO.b 
11. 
li. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28.b 
29. 
30. 
31. 
32. 
33.b 
34. 
35. 
36. 
37. 
38. 
39. 
Name of Soybean 
consuming region demanda 
Waterville, Maine 
Concord, N.H. 
Boston, Mass. 
Hartford, Conn. 
Schenectady, N.Y. 
New York City, N.Y. 
Buffalo, N.Y. 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Baltimore, Md. 
Richmond, Va 
Charleston, W. Va. 
Raleigh, N.C. 
Columbia, S.C. 
Macon, Ga. 
Jacksonville, Fla. 
Tampa, Fla. 
Mobile, Ala. 
Montgomery, Ala. 
Jackson, Miss. 
Memphis, Tenn. 
Nashville, Tenn. 
Knoxville, Tenn. 
Evansville, Ind. 
Indianapolis, Ind. 
Cincinnati, Ohio 
Akron, Ohio 
Toledo, Ohio 
Lansing, Mich. 
Peoria, Ill. 
Chicago, Ill. 
Madison, Wise. 
Marquette, Mich. 
Duluth, Minn. 
Minneapolis, Minn. 
Fargo, N.D. 
Bismark, N.D. 
Sioux Falls, S.D. 
Rapid City, S.D. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Number 
40 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54.b 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
b 70.b 
71. 
72. 
73.b 
74.c 
75.c 
76.c 
77. c 
78.c 
Name of 
consuming region 
Soybean 
demand8 
Mason City, Iowa 
Fort Dodge, Iowa 
Des Moines, Iowa 
Cedar Rapids, Iowa 
Omaha, Nebraska 
Bridgeport, Nebraska 
Wichita, Kansas 
Kansas City, Mo. 
St. Louis, Mo. 
Little Rock, Ark. 
Shreveport, La. 
Baton Rouge, La. 
Oklahoma City, Okla. 
Tulsa, Okla. 
Ft. Worth, Texas 
Houston, Texas 
San Antonio, Texas 
Abilene, Texas 
Amarillo, Texas 
El Paso, Texas 
Albuquergue, N,M, 
Phoenix, Ariz. 
Las Vegas, Nev. 
Denver, Colo. 
Salt Lake City, Utah 
Casper, Wyo. 
Billings, Mont. 
Great Falls, Mont. 
Spokane, Wash. 
Richland, Wash. 
Seattle, Wash. 
Portland, Ore. 
Sacramento, Calif. 
Los Angeles, Calif. 
Albany, N.Y. 
Norfolk, Va. 
New Orleans, La. 
Corpus Christi, Texas 
San Francisco, Calif. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
a An "X" indicates region has a demand for soybeans. 
bDomestic and export region. 
CExport region only. 
dseattle has a demand only in models VIII and IX. 
----~--- ---
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Grain loading and unloading costs experienced by grain elevators are 
added to transportation costs because these handling costs are dependent 
on the mode of transportation used. Handling costs, based on replacement 
costs for the facilities, are selected from Cost of Storing and Handling 
Grain and Controlling Dust in Commercial Elevators, 1971-72 and Projec-
tions for 1973-74 [17]. Whenever grain is transferred from one trans-
portation mode to another enroute, the elevator handling costs for unload-
ing and reloading are added to the transportation costs (Table 3.2). 
Rail 
Five alternative rail costs are used: (l) single-car, (2) multiple 
50-car units, (3) 10 percent increase in single-car, (4) 20 percent in-
crease in single-car, and (5) alternate single-car. The single-car costs 
for 1972 (Table 3.3) are based on 1969 inflated variable costs [8]. These 
variable costs are used because: 1) the allocation of fixed costs among 
freight classes is arbitrary, 2) the published costs distribute the fixed 
costs on the basis of ton-miles which could subject heavy products such 
as grain to an excessively large fixed cost, 3) variable costs are more 
relevant because they are the costs that must be covered by the revenue 
of each individual haul or else the haul should not be undertaken [5]. 
The data in Table 3.3 are applied to a given route and rail system, 
i.e. single car or 50-car system, as shown in equation 3.12. 
RC g 
where: RC g 
4 
2:: k . M. + !z [c + c d] 
i=l g~ ~ go g 
(3. 12) 
rail cost (cents per hundredweight) of transporting grain 
g over a given route; 
k . mileage coefficient of grain g for rail cost territory i 
g~ 
(see Table 3.3); 
M. miles within rail cost territory i for the given route; 
~ 
C constant cost for grain g for the territory where the grain go 
originates (see Table 3.3); 
Cgd constant cost for grain g for the territory where the grain 
is destined (see Table 3.3). 
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1able 3.2. Grain elevator receiving and loadout costs per ton by grain 
and mode. a 
Receiving 
truck 
rail 
water, gulf 
water, west 
water, lakes 
water, inland 
Loadout 
truck 
rail 
water, lakes 
water, other 
Wheat 
and 
soybeans 
$ .700 
.787 
. 517 
.807 
1.210 
1.243 
.793 
• 843 
.430 
.337 
Corn and 
grain 
sorghum 
$ .750 
.843 
.554 
.864 
1.296 
1.332 
.850 
.904 
.461 
.361 
Oats 
$1.313 
1.475 
.969 
1.513 
2.269 
2.331 
1.488 
1.581 
.806 
.631 
Barley 
$ .875 
. 983 
.646 
1.008 
1. 512 
1.554 
. 992 
1.054 
.537 
.421 
aData in this table were calculated from selected costs in Table 3 
of [17]. 
----------
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Table 3.3. Cost functions for single-car, single-trip, and 50-car, single-
trip rail shipments (cents per hundredweight).a 
Single-car 50-car 
Mileage Mileage 
Grain Territory Constant coefficient Constant coefficient 
Wheat, soybeans Southern 4.4003 .033416 2.3148 .033155 
corn, and grain Officia 1 6.4608 .039707 3.3987 .039396 
sorghum Western 5.6942 .034631 2.9955 .034360 
Mountain- 7.0305 .034396 3.6984 .034127 
Pacific 
Barley Southern 4. 7170 .035274 2.4762 . 034841 
Official 7.0429 .042100 3.6971 .041584 
Western 6.2092 
.036544 3.2594 .036096 
Mountain- 7.7132 .036219 4.0489 . 035775 
Pacific 
Oats Southern 7.0696 .045348 3.7360 .043932 
Official 10.4141 .055204 5.5035 .053480 
Western 9. 2472 . 047225 4.8868 .045750 
Mountain- 11.2154 .046402 5.9270 .044953 
Pacific 
aData in this table are based on data in Table 1 in [8]. 
The published scales provide costs by railroad territory, short-line 
distance, type of car, and load weight. Separate costs are used for the 
Official, Southern, Western, and Mountain-Pacific railroad territories 
(Figure 3.4). The costs based on distance are computed by associating 
the mileage within each territory with the associated cost for the terri-
tory. One-half the terminal (constant) cost is used for each the originat-
ing and ending territories as prescribed for users of the published costs 
[8]. 
Covered hopper cars are selected to be the appropriate type of car 
because most grain will be moved by these cars in 1980 if past trends con-
tinue. The estimated capacity of covered hopper cars is 195,000 pounds 
for corn, grain sorghum, soybeans, and wheat; 117,500 pounds for barley; 
and 118,000 pounds for oats. 
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Figure 3.4. Territories for rail costs. 
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There are no published costs avaiLJble for multiple-car sldp1ne:1ts 
that are compatible with the single-car costs. Single-car costs for 60 
routes were computed using the methodology developed elsewhere [3]. The 
multiple 50-car costs (Table 3.3) are estin~ted on the basis of the differances 
between single-car and 50-car costs for these 60 routes. 
The alternate single-car costs change the relationship betvJeen cost 
and distance. The terminal costs are increased 50 percent and the mileage 
costs are decreased 10 percent. These alternate costs more nearly reflect 
the relationship between distance and rail rates but they are not designed 
to be estimates of rates. 
Water 
Each location that is selected as an access to the waterways (Figure 
3.5) is assumed to have facilities for receiving or shipping grain by 
truck, water, and rail (if the water access point is on a rail line). 
It is assumed that grain is hauled by barge on all waterways except for 
the Great Lakes where grain is carried by ships. 
Domestic grain shipments on the Great Lakes have consisted largely 
of shipping wheat from Duluth-Superior to Buffalo. On the basis of a 
preliminary analysis of transportation costs used in the models, the only 
potential use of the Great Lakes in the models is to ship grain from 
producing regions 78-84 and 136-139 to Buffalo, consuming region 7, via 
Duluth-Superior. Shipping costs from Duluth-Superior to Buffalo are 
estimated at lSr,' per bushel. 
Barging costs depend on the river sections traveled, the barge used, 
and the kind of grain carried. Barging costs may be partitioned into five 
categories: (1) investment, (2) towing, (3) switching, (4) fleeting and 
(51 other. The investment cost is the ownership cost of the barge and 
depends on the kind of barge used. Towing costs represent the cost of 
using towboats to move barges from one water access point to another. 
Switching costs are the cost of having a local tugboat (or river towboat 
when no tugs are available) maneuver the barge from the towboat to the 
fleet, from the fleet to the eievator, from the elevator to the fleet, 
ana again from the fleet to the towboat. The fleeting cost is the cost of 
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49 
leaving the barge in a fleet, i.e., a "parking lot" for barges. Other 
costs for barges include insurance, maintenance, repairs, cleaning, 
taxes, administration, general overhead, and harbor costs not included 
in fleeting or switching costs. 
Total costs per barge, excluding loading and unloading costs, for 
a given round trip are represented by equation 3.13. 
n 
BC = (K + I + R + A) D + g L: i=l 
t e (t.T+ t.) M. + S·N+ F·d+ C+ H 
1 1 1 
(3.13) 
where: BC = barging cost per barge load of grain for a given route; g 
K = daily investment cost; 
I daily insurance costs for the barge; 
R daily maintenance and repair costs for the barge; 
A daily administration, overhead, and taxes for the barge; 
D = days required for the barge to make a round trip between 
origin and destination; 
t 
t. towing cost per ton-mile for the loaded barge for river 
1 
section i; 
T tons (actual or minimum required for the towing charge) 
of grain hauled by the barge; 
e t. towing cost per mile for an empty barge for the return 
1 
trip for river section i; 
M. = miles traveled on river section i; 
1 
n number of river sections; 
s switching cost per switch; 
N number of switches per round trip; 
F daily fleeting cost; 
d = number of days barge is in fleet per round trip; 
C = cleaning cost per round trip; 
H harbor costs per round trip. 
the 
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Barge investment costs for the Mississippi River system are based 
on barges with a 1,400-ton capacity at a 9-foot draft. 1 Barges are esti-
mated to have a useful life of 23 years when they have a purchase price 
of $125,000 and a salvage value of $1,000. All investment costs include 
an eight percent annual interest charge on the funds invested. The pur-
chase price and salvage value of barges that service Tampa, Florida, are 
85 percent higher than for the Mississippi River barges because they must 
be water tight and reinforced to cross the open Gulf. There is a large 
variation in the type of barges operated on the Columbia and Snake rivers. 
For this study it is assumed that they have a capacity of 2,500 tons and 
are constructed to be self-trimming and have automatic unloading equip-
ment that delivers grain to a central sump for unloading. These barges 
have an estimated purchase price of $425,000 and a salvage value of $3,400. 
Investment costs are allocated to individual trips as a constant daily 
cost. 
A barge trip requires time for towing, switching, normal delays, 
loading, unloading, and waiting for a towboat. The towing time is 
estimated by dividing the river miles by the average speed for the appro-
priate river section (Table 3.4). The towing costs for the Mississippi 
River system are estimated as the reciprocal towing charges that towing 
companies charge each other for towing services. Representatives of the 
towing industry believe that these towing charges are accurate estimates 
of towing costs. The basic towing charges are given in Table 3.4 and the 
adjustments to complement the basic costs are given in Table 3.5. 
The normal time for loading, unloading, waiting for a towboat, and 
delays, other than those included in Table 3.6 is estimated at 20 days 
per round trip. Barge travel time adjustments listed in Table 3.6 are 
required when a barge changes river sections and consequently is likely 
to change towboats. The adjustments are for round trips. It is estimated a 
that a three-day delay for a one-way trip··-six days per roung trip--usually results 
lwater conditions on soute sections of the Mississippi River System 
do not always permit barges to be loaded to capacity. 
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Table 3.5. Adjustments complementary to the basic barge towing costs. 
Travel loaded from St. Louis to Cairo 
(for further travel up the Ohio): add 1.25 mills/ton-mile 
Travel loaded from Cairo to St. Louis 
(having originated on the Ohio River System): add 2.2 mills/ton-mile 
Load originates at Greenville, Miss. or below 
Greenville on the Mississippi R. and travels 
downstream to a destination on the 
Mississippi: add 0.5 mills/ton-mile 
Tr~vel on Upper Mississippi or Ohio River 
is less than 400 miles one-way: add 157. of the basic cost 
Travel between the Illinois Waterway and the 
Mississippi above the mouth of the Illinois 
Waterway: subtract $216.60 
Travel between the Missouri and Upper 
Mississippi: subtract $85.50 
Travel between the Missouri and Illinois 
Waterway: subtract $85.50 
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Table 3.6. Time adjustments for barge investment, fleeting, and other costs. 
Days a River section junction encountered enroute lost gained 
St. Louis 8 
New Orleans 6 
Mobile 6 
Mississippi R. and the Port Allen cutoff for the 
Intracoastal Canal (applies only to traffic 
entering or leaving the Port Allen cutoff) 6 
Ohio and Mississippi Rivers (applies only to Ohio 
R. traffic entering from or leaving to the south 
on the Miss.) 6 
Ohio and Tennessee Rivers (applies only to Tennessee 
R. traffic entering from or leaving to the north-
east on the Ohio.) 6 
Mississippi and Arkansas Rivers 12 
Mississippi and White Rivers 12 
Arkansas and White Rivers 12 
Mississippi R. and Illinois Waterway (applies only 
to Illinois Waterway traffic entering from or b 
leaving to the north on the Mississippi.) 1.25 
Mississippi and Missouri Rivers (ar~lies only to 
Missouri R. traffic entering from or leaving to the 
north on the Mississippi.) .sb 
Ohio and Cumberland Rivers 6 
Ohio and Kanawha Rivers 6 
Illinois Waterway north and south of Morris, Ill. 
(ir.cludes switching at Lemont, Ill.) lOc 
Columbia and Snake Rivers 1 
aJunctions that are origins or destinations for a specific trip are 
not considered to be junctions encountered enroute for that trip. 
b Does not apply €or fleeting. 
cOnly 8 of the 10 days apply for fleeting. 
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from a change of river sections. A one-way delay of four days is estimated 
for St. Louis because of congestion. One-way delays of six days are 
estimated for the White and Arkansas Rivers because of the infrequency 
of traffic through these junctions. The days gained are a result of not 
requiring barges that move between the Missouri River, Upper Mississippi 
River, and Illinois Waterway to go all the way to St. Louis to switch. 
However, the four-day switching delay is maintained. The five-day travel 
time between Morris and Chicago is a result of two-stage switching. Usually 
barges are switched at Morris and at Lemont. It is estimated that barges 
wait two days at Morris, spend one day traveling from Morris to Lemont, 
and take two days for switching at Lemont. The round trip requires 10 
days. 
Towing charges are not as readily available for the Columbia-Snake 
as for the Mississippi River System. Consequently, towing costs on the 
Columbia-Snake are based on the estimated cost of operating towboats. A 
full tow on the Columbia River is four barges and on the Snake River it is 
two. The 1972 operating costs for towboats on the Columbia River are 
estimated to be $100 per hour and on the Snake River, $60 per hour. These 
costs, the number of barges per tow, the capacity per barge, and the towing 
speeds listed in Table 3.4 are used to derive the towing costs for the 
Columbia and Snake rivers (Table 3.4). The costs of towing empty barges 
on these rivers is assumed to be 75 percent of the towing costs for 
loaded barges. 
A round trip between two water access points on the Mississippi 
River and Gulf system requires a minimum of eight switches. The barge 
must be switched from the towboat to the fleet, the fleet to the eleva-
tor, the elevator to the fleet, and then back again from the fleet to 
the towboat for a total of four switches at both the origin and destina-
tion. In addition to the eight minimum switches, a barge must be switched 
four additional times per round trip whenever it passes through the fol-
lowing river section junctions where the barge would typically change tow-
boats: 
1) Through, but not to ·or from, St. Louis, New Orleans, and Mobile; 
2) Through, 'but not to or from, Baton Rouge on the Port Allen 
cutoff for the Intracoastal Canal; 
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3) Between the Kanawha and the Ohio; 
4) Between the Cumberland and the Ohio; 
5) Between the Tennessee and the Ohio above the mouth of the 
Tennessee; 
6) Between the White and the Mississippi; 
7) Between the White and the Arkansas; 
8) Between the Arkansas and the Mississippi; 
9) Between the Missouri and the Mississippi, except for 
connection with the Illinois Waterway; 
10) Between the Illinois Waterway and the Mississippi, except 
for connection with the Missouri; 
11) Between the Illinois Waterway and the Missouri; 
12) Between the Columbia and the Snake. 
The cost of each switch is estimated to be $30. There are special switch-
ing charges estimated at $700 between Morris, Illinois, and Chicago be-
cause this switch is made in two stages and because these charges include 
towing the barge from Morris to Chicago. On the Columbia-Snake system, 
one-half hour of towboat time is charged for each pick-up or drop-off in 
lieu of a switching charge because the river towboats themselves must 
pick-up or place barges at their precise desired location. 
Fleeting costs are estimated at $6 per day for each day or part thereof 
that a barge is not being loaded, unloaded, or towed. It is estimated 
that the number of days barges are charged for fleeting is the same as 
the number of days they are not being towed because less than one day 
is usually required to load or unload a barge. Within the Mississippi 
River and Gulf waters it is estimated that fleeting charges occur for a 
minimum of 20 days. Additional delays that result in fleeting costs are 
estimated to be the same as those given in Table 3.6 with the exceptions 
that the reductions relating to travel times between the Upper Mississippi, 
Missouri, and Illinois Waterway do not apply, and only eight of the ten day 
for the Morris-Chicago route apply because two days are estimated for 
towing time between Morris and Lemont. The fleeting costs for the Columbia-
Snake system are estimated to be $6 per day for four days for each round 
trip. 
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Cleaning costs are estimated to be $100 per round trip for each 
barge. Major Gulf ports have extra large switching costs and other 
port fees. The harbor costs per visit by a barge are estimated to be $140 
for New Orleans and Hobile and $160 for Houston and Corpus Christi. The 
remaining other costs on a daily basis are estimated to be $1.50 for 
insurance, $3.50 for maintenance and repair, and $9.00 for administration 
and taxes. The number of days these other costs accrue per round trip 
is estimated to be the number of days that are used to compute the barge 
investment costs. All "other costs" for the Columbia-Snake are estimated 
to be the same as for the other waterways except insurance costs are 
estimated to be $28.88 and maintenance and repair are estimated to be $5.00 
per day per barge. 
The payload per barge for a trip depends on the capacity of the 
river section with the smallest capacity of all river sections used for 
the trip (Table 3.4), and the density of the grain hauled. The maximum 
capacities are the effective capacities for wheat, corn, soybeans, and 
grain sorghum. When oats or barley are barged the volume of the barges 
may be more restrictive than the weight of the payload. The maximum 
payloads are estimated to be 880 tons for oats and 1,300 tons for barley 
on the Mississippi River system and 1,550 tons for oats and 2,325 tons 
for barley on the Columbia-Snake system. For payloads above minimum 
tonnages for a river section (Table 3.4) the towing costs are based on 
the actual weight of the grain carried. If the payload is less than the 
minimum tonnage for the river section. The towing costs are subject to 
the minimum tonnages because the costs do not vary directly with the quan-
tity of grain carried. 
The estimated barge costs are based on a 100 percent rate of utili-
zation of the barges under nonnal operating conditions which include de-
lays and idleness caused by congestion, average weather, etc., but not 
idleness that results from major floods or excess capacity in the industry. 
The level of utilization of barges that carry grain is related to the flow 
of cargo in the opposite direction. Barges may be idle as a result of 
waiting for a backhaul. The cost of barging grain is lower the higher 
the rate of utilization and the higher the rate of backhauling. The barge 
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costs assume a high ( 100 percent) rate of util Lzati on .:md a low (zero) 
rate of backhauling. Competition to obtain a backlwul ttpstream when grain 
is hauled downstream, the typical direction of the flow of grain in the 
United States, tends to result in a lower charge for the backhaul cargo 
rather than a lower charge for grain because more cargo flows downstream 
than upstream. 
Highway 
It is assumed all grain shipments on highways are carried by five-
axle, tractor-semitrailer trucks. This study is for interregional grain 
shipments that are best characterized as large volume movements over long 
distances. Larger trucks are more efficient than smaller ones for these 
shipments. 
Like rail and water costs, the cost of trucking varies from one 
locality to another. The Interstate Commerce Commission reports this 
variation among eight territories (Figure 3.6) [6]. Grain trucking costs 
are developed for the Midwest and then the costs for the other territories 
are calculated by multiplying comparative territorial factors (Figure 3.6) 
by the Midwestern costs. The eight territorial factors are computed by 
dividing the line haul cost of a territory by the line haul cost of the 
Midwest for moving 20,000 to 29,999 pounds 100 to 124 miles [6]. The 
20,000 to 29,999 pound class is believed to be the best approximation of 
the average weight hauled for an entire round trip; it is not the weight 
of the grain hauled. The 100 to 124 mile class, although possibly longer 
than the average distance grain is trucked, is chosen because the costs 
for shorter distances may reflect substantial travel within cities and 
that would not be representative of grain shipments. 
Trucking cost is represented by equation 3.14 
TC 
where: TC 
h 
cv 
8 
1.6 I: (C~H + C~ ) diF i + 2/3C~ 
i== 1 
( 3. 14) 
cost of shipping a truckload of grain for a particular route; 
hourly costs of trucking costs allocated to time; 
H hours required for one-way trip; 
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Figure 3.6. Territories and their comparative trucking cost factors. 
' \ .., 
....., 
"-·f ______ _ 
I 
·---1 
---T·-----
1 
Rockff 
~ountain 
~---~ ~~~---t--~1 
c; mileage costs of trucking costs allocated to distance; 
M one-way mileage; 
d. percentage of total miles traveled in trucking cost region i; 
l. 
F. regional cost factors in Figure 3.6. 
l. 
The coefficient of 1.6 is included in equation 3.14 because grain ship-
ments are charged for the return trips that have no backhaul. A back-
haul is assumed for 40 percent of the return trips and it is assumed that 
the revenue from a backhaul covers all costs of the return trip including 
any additional and special costs incurred as a result of trucking the 
backhaul cargo. The coefficient of 2/3 in e~uation 3.14 represents the 
truck (not grain elevator) costs of loading and unloading which together 
are estimated to take 40 minutes per trip. 
The cost of the truck, interest on its purchase value, license fees, 
insurance, highway use tax, overhead, and the driver's wages are all costs 
allocated among shipments on the basis of time. Trucks are assumed to 
d 
.1925 
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operate 3,000 hours and travel 110,000 miles annually for four years. The 
tractor and semitrailer is estimated to cost $31,300 and have a resale 
value of $8,900 after four years of operation. The ownership cost is 
computed with an 8 percent annual interest charge on the funds invested 
in the truck. Annual state license fees, personal property taxes, and 
other state fees or taxes, except fuel taxes, are estimated to be $1,320, 
the average of the eight Midwestern states [41]. The federal use tax is 
estimated to be $220 per year [60]. Insurance and safety costs are esti-
mated to be $1,380 and administration and overhead costs are estimated 
to be $2,220 per year. Driver's wages and benefits are estimated to be 
$4.50 per hour. The total truck costs allocated to time are $8.70 per 
hour. 
The time required per trip is based on the distance traveled; average 
speed, and the time required for loading, unloading, and other stops. 
It is assumed that trucks average 40 mph on non-interstate highways and 
60 mph on interstate highways. Based on a random sample of routes in the 
model, it is assumed that 42 percent of the first 300 miles and all travel 
beyond 300 miles is on interstate highways. A 30-minute driving break is 
imposed after every four hours of continuous driving. 
Fuel, oil, tires, maintenance, and repair costs are allocated to 
shipments on the basis of distance. The costs per mile are estimated to 
be $0.06945 for fuel and oil (including taxes), $0.02668 for tires and 
maintenance, and $0.01423 for repairs for a total cost of $0.11035 per 
mile. 
The trucking cost per ton of grain is calculated by dividing the 
total cost by the number of tons hauled. The payload for five-axle trucks 
is estimated to be 24 tons for all grains except for oats which is esti-
mated to be 16 tons. 
Regional Crop Production Costs and Yields 
The models require yield and production costs for 478 combinations 
of crops and producing regions. The development of these yields and 
costs requires a substantial research effort that, fortunately, could be 
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minimized by capitalizing on previous work at Iowa State University. 
Yield estimates for 1980 are obtained by adjusting and updating the yields 
of an earlier model [37 and 42]. Stoecker projects state crop yields for 
1980 on the basis of historical trends, fertilization, and irrigation 
[54]. The percentage increases in state yields are computed by comparing 
Stoecker's projections for 1980 with 1964 state yields and then yields 
for the producing regions are projected by multiplying the projected per-
centage increase in state yields by the 1964 yields for the producing 
regions. 1 Regional yields are reduced by the quantity of seed required 
for production. 
Crop production costs, like yields, are based on the methodology 
developed by Stoecker [54]. The production costs include machinery, 
fuel, fertilizer, irrigation, labor, and miscellaneous inputs. The 
cost of land rent is not included in production costs because the land 
available in eachproducing region is explicitly specified in the models 
which determine land rent as a part of their solutions and incorporate 
the rent in the value of the grain produced. The production costs are 
based on the 1980 projected yields to insure a consistent relationship 
between yields and costs. Production costs, like transportation costs, 
are based on 1972 dollar values. 
The regional land constraints equal the sums of the maximum histori-
cal acreages of feed grains, soybeans, wheat, and cotton harvested in the 
regions [37]. The resulting national total land available for these 
crops is 244.874 million acres. The arbitrary regional upper and lower 
acreage limits on each crop prevent the location of production from vary-
ing too greatly from its historical pattern. The lower limits in each 
region as a percentage of the 1969 Census of Agriculture [12] acreages 
are 76 percent for wheat, 80 percent for feed grains and soybeans, and 
67 percent for cotton. Similarly, the upper limits are 125 percent for 
wheat, 140 percent for feed grains, and 120 percent for cotton. The 
upper limit for soybeans is 50 percent of the land in the region or the 
1 
Both the 1964 state and produciong region yields were computed from 
data in the 1964 Census of Agriculture [12]. 
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number of acres harvested in the region in 1969, whichever is larger. 
Soybean acreages are permitted greater flexibility because they are a 
relatively new crop and their production location has not yet stabilized. 
The sum of the upper bounds on individual crops is less than the land 
available in a few regions. When exports are increased 25 percent, 
model X, some of the regional upper bounds for feed grains and wheat are 
adjusted upward to permit the utilization of all cropland in the region. 
The increases in the feed-grain and wheat bounds are in proportion to 
feed-grain and wheat acreages reported in the 1969 census [12]. 
Demands for Grain and Cotton in 1980 
This section describes the projected regional demands for the base 
model. First, national annual domestic and export demands for grain and 
cotton are projected for 1980; then, the national demands are allocated 
among the consuming regions. The regional demands for models II through 
VII are identical to demands for the base model. The total national 
demands in models VIII and IX are the same as in the base model but in 
model VIII, 10 percent, and in model IX, 25 percent, of the export demands 
for grain at Houston and New Orleans are subtracted from those ports and 
added to the Seattle export demand. The domestic demands in model X 
are again identical to those of the base model but all export demands for 
grain (whole and processed) are increased by 25 percent. The 25 percent 
increase is assumed to be exported only as whole, unprocessed grain and 
the percentage allocation of the total export demand among the export 
regions is the same as in the base model. 
The derived demand for grain (feed grains and wheat) by livestock 
is based on projected 1980 demands for nine livestock classes: (1) dairy, 
(2) beef, (3) hogs, (4) chickens, (5) broilers, (6) turkeys, (7) sheep, 
(8) horses and mules, and (9) other livestock. 1 The demands for the first 
1These nine classes are aggregations of the 13 categories listed in 
National and State Livestock-Feed Relationships [27]. Other livestock are 
pets, laboratory animals, circus animals, zoo animals, etc., not included 
in the Census of Agriculture. 
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seven classes are converted to a demand for feed units on the basis of 
the 1980 projected demands for products and the number of feed units re-
1 quired per unit of livestock product. The feed units required for horses 
and mules in 1980 are based on their average number of grain consuming 
animal units in 1968-70 and the feed required for other livestock in 1980 
is based on its historical trend. 2 
The national estimates of grain required for each livestock class, 
except for other livestock, are distributed among the 48 states on the 
basis of their 1968-70 distribution of grain consuming animal units [27]. 
The state distribution of other livestock is based on 1980 population 
projections [15]. The state demands, again except for other livestock, 
are distributed among the consuming regions on the basis of county data 
for livestock in the 1969 Census of Agriculture [12]. The state demands 
for grain by other livestock are distributed to the consuming regions on 
the basis of the population of counties in 1970 [14]. Admittedly, this is 
a crude means of approximation for the distribution of other livestock; 
but no specific distribution data are available for these animals. 
The seasonal demands for grain by each class of livestock are cal-
culated with different methods and data sources. Demand seasonality is 
based on 1969-71 averages when such data is available. Seasonal milk pro-
duction by state is used as an estimate of the seasonal demand for grain 
by the part of dairy comprised of milk cows and heifers two years old and 
older [52]. The demand for grain by heifers and heifer calves kept for 
milk is assumed to be uniformly distributed through time, that is 33 per-
cent of their demand is allocated to the December through March period 
and 67 percent to the April through November period. The seasonal demands 
for grain by that part of beef comprised of cattle on feed are based 
on the number of cattle on feed for the 23 states that have seasonal 
data [47] and the distribution for the other 25 states and the remaining 
1 . Feed un1ts are expressed in corn equivalent units. 
2The data for horses and mules and other livestock are taken from 
National and State Livestock-Feed Relationships [27]. 
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part of the beef class is assumed to be uniform through time. The sea-
sonal demands for grain by hogs are based on December 1 and June 1 inven-
tories of hogs by state and weight class [51] and the estimated consump-
tion of feed over time for each weight class [38]. The seasonal demands 
for grain by that part of chickens comprised of pullets and hens are 
based on seasonal egg production by state, and that part comprised of 
replacement chickens is based on seasonal hatchings of egg-type chickens 
by state and their estimated feed consumption with respect to age [48]. 
Similarly, the seasonal demands for feed by broilers and turkeys are 
based on their seasonal hatchings and their feed consumption with respect 
to age [26,48,50, and 36]. Turkeys are divided into light and heavy 
breeds and seasonal hatchings are only available for six regions [53]. 
Each state within a region is assumed to have the same seasonal variation 
as the region. The demands for grain by sheep, horses and mules, and 
other livestock are assumed to be distributed uniformly through time. 
The projected quantity of wheat fed to livestock is subtracted 
from the demands for grain by livestock and the balances are the projected 
demands for feed grains by livestock. It is projected that 250 million 
bushels of wheat will be fed to livestock in 1980. This national quantity 
is allocated to the consuming regions and time periods on the basis of 
(1) the national quantity of wheat fed by time period, (2) the quantity 
of wheat fed by state on farms where grown, and (3) the projected total 
grain demands by livestock for each consuming region. 
Population is projected to be 226.9 million and personal disposable 
income is projected to be $4,914 in 1980 (Table 3.7). Consumption per 
capita of livestock products, grains for food and industrial uses, and 
cotton is shown in Table 3.7 for 1972 and projections for 1980. The 
projected levels of consumption are based on past trends or averages if 
there was no significant trend. Levels of meat consumption are based on 
farm prices per hundred pounds liveweight and in 1972 dollar values of 
$32.32 for beef and lamb, $26.94 for hogs, $14.00 for broilers, and a 
retail price of 92¢ per pound for turkey. The projections are adjusted 
for foreign trade before computing their derived demands for grain. The 
combined demand for soybean meal and cottonseed meal is projected to 1980 
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Table 3.7 Population, personal income, and per capita consumption of 
livestock products, grain for food and industrial purposes, 
and cotton in 1972 and projections for 1980. 
U.S. population (million) 
Personal disposable income 
per capita (1972 dollars) 
Beef/capita (lbs.) 
Pork/capita (lbs.) 
Chicken/capita (lbs.) 
Lamb/capita (lbs.) 
Turkey/capita (lbs.) 
Eggs/ capita 
Milk/capita (lbs.) 
Corn/capita (lbs.) 
Oats/capita (lbs.) 
Barley/capita (lbs.) 
Wheat/capita (lbs.) 
All meat/capita (lbs.) 
Cotton/capita (lbs.) 
1980 
Projected 
226.9 
$4,914 
143.7 
66.8 
41.1 
3.1 
8.6 
290 
512 
140.6 
6.5 
25.5 
131.4 
263.3 
17 
aAgricultural Statistics 1973 [59]. 
bFood Consumption, Prices, Expenditures [21]. 
cFeed Situation, May 1973 [20]. 
1972 
Actual 
$3,816a 
118.2b 
67.4b 
42.9b 
3.3b 
9.lb 
307b 
56lb 
111 c 
7.0b 
29.9c 
150b 
241 
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on the basis of past trends and the total number of grain consuming 
animal units. The demand for soybean meal is reduced internally within 
the models by the equivalent quantity of cottonseed n1eal that results 
from cotton production for cotton lint. 
The national demands for corn and oats for cereal, corn for wet pro-
cessing, corn for alcohol, and barley for both malt and food products 
are distributed among the states in proportion to the state distribution 
of employees in the cereal preparations, wet corn milling, distilled 
spirits, and the malt and malt liquor industries, respectively [13]. 
The state demand for these products is distributed among consuming regions 
in proportion to the distribution of population among the consuming re-
gions. The national demand for corn for dry processing is distributed 
among consuming regions in proportion to the distribution of corn mills, 
and the national demand for wheat for food and industrial uses is allo-
cated among consuming regions in proportion to regional capacities for wheat 
flour milling [55]. The national demand for soybeans for crushing 
is distributed among regions in proportion to the estimated regional crushing 
capacity. The consuming region demands for domestic food and industrial 
uses and exports of processed grain are allocated uniformly through time 
so that 33 percent are demanded for the December-March period and 67 per-
cent for the April-November period. 
Export demands projected for 1980 are shown in Table 3.8. The pro-
jected percentage of all exports that are exported as whole grain is 70 for 
soybeans, 89.4 for wheat, and 100 for feed grains for the 1980 base model. 
All additional exports in model X are assumed to be exported as unprocessed 
grain. The export demands for whole grain are distributed to the consum-
ing regions and time periods on the basis of the percentages exported 
from port areas and time periods between December 1969 and November 1972. 
The export demands for the grain contained in exports of grain products 
is allocated among consuming regions with the same distribution as the 
grain demanded to produce the products for domestic use. 
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Table 3.8. Feed-grain, wheat, soybean, and cotton export projections for 1980. 
Feed grains, corn equivalent 
(1, 000 tons) 
Wheat and wheat flour 
(1,000 tons) 
Soybeans and soybean 
meal equivalent 
(1,000 tons) 
Cotton 
(1.,·000 bales) 
a Base Model 
27,500 
22,380 
31,240 
2,103 
Model X 
34,375 
27,975 
39,050 
2,103 
a Base model export levels are used for the first nine models. 
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IV. IMPACTS OF TRANSPORTATION COST AND EXPORT DEMAND CHANGES ON 
GRAIN PRODUCTION AND PRICES 
~ 
Variations in grain production and prices among the 10 models are dis-
cussed in this section. For the first nine models national demands for 
wheat, feed grains, and soybeans are the same so that the impacts of changes 
in transportation costs and demand shifts among export regions can be 
highlighted. In model X national demands are greater because of the 25 
percent increase in grain exports. Part V is devoted to results and im-
plications of grain transportation proper for each of the 10 models. 
Grain Production, Exports, and Prices 
Total production (demand for all purposes including seed) of wheat, 
feed grains, and soybeans is projected to be 330 million tons in 1980 with 
the base level of exports in models I through IX and 350 million tons with 
the higher level of exports in model X (Table 4.1). Total demand (pro-
duction) for cotton, foreign and domestic, is projected to be 10.14 
million bales in each of the 10 models. The national total acreage 
available for production of wheat, feed grains, soybeans, and cotton in 
the 10 models is 245 million acres. In models I through IX approximately 
28 million acres more are available than used, and in model X only 5 million 
acres more are available than used (Table 4.1). The level of export 
demands for grain is likely to be the most important factor that deter-
mines the amount of available land which could be, but is not, used to 
grow grain or cotton in 1980. 
Total non-land costs of producing grain and cotton did not vary 
noticeably among the first nine models (Table 4.1). The greatest pro-
duction costs occur with the 20 percent increase in rail costs (model 
IV) and the lowest costs occur with the 25 percent shift of grain exports 
from the Gulf to Seattle (model IX). But the highest costs among the 
nine models is only $13 million (0.09 percent) greater than the lowest 
cost. A 25 percent increase in grain exports (model X) naturally results 
in significantly greater production costs. 
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For comparison, national production and export data, except produc-
tion costs, for 1972 and 1973 are given in Table 4.1. The combined pro-
jected production of wheat, feed grains, and soybeans for 1980 is 9.86 
percent larger than their combined production in 1973 in models I through 
IX with their base level of exports. The combined production of these 
grains is 16.83 percent greater than in 1973 in model X with its 25 per-
cent increase in exports. The projected export level of these grains and 
their products in models I through IX is nine percent greater than their 
export level in 1972. The higher projection of the exports of these 
commodities in model X is 36 percent greater than their exports in 1972 
but 7.5 percent less than their exports in 1973. The combined exports 
of wheat, feed grains, soybeans, and their products was larger in 1972 
than in any previous year. But exports of these commodities soared to 109 
million tons in 1°73, surpassing the record exports of the previous year 
by 47 percent. This large quantity of exports was possible because large 
stocks of grain from production in previous years were in storage. Ex-
port demand conditions in 1973 compared to earlier years were most unusu-
al and the projections in the models are for more normal conditions than 
have existed historically. 
Feed grains 
Feed-grain production in 1980 is projected to be 13.7 percent great-
er than in 1973 with the base level of exports, models I-IX, and 17.2 
percent greater than in 1973 with a 25 percent increase in exports, 
Footnotes for Table 4.1 
a Grain is the combination of wheat, soybeans, and feed grains. Feed 
grains (corn, oats, barley, and sorghum) are expressed in corn equivalent 
units. The quantities of grain and cotton production for the 10 models 
include the projected quantity produced outside the 152 producing regions 
and the other production data exclude it. 
b Annual Crop Summary [46]. 
cUnited States Foreign Agricultural Trade Statistical Report, Calendar 
Year 1973 [22]. 
dSet-aside acres as reported in Agricultural Supply and Demand Esti-
mates [44]. 
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model X (Table 4.2). Exports projected on past trends, models I-IX, 
are less than they were in 1972 and 1973 because the growth in exports 
in the latter two years was substantially above the long term historical 
trend. Export projections for model X are above the 1972 level but below 
1973 exports. High world grain prices give countries around the world 
an incentive to increase grain production. Weather permitting, and 
reasonable price levels for production inputs, high grain prices may sub-
stantially stimulate worldwide production and consequently induce exports 
to fall below 1973 levels. 
Acres used and yields for feed-grain production are inversely re-
lated. Variation of acres and yields among models I through IX is small 
(Table 4.2). The largest acreages and yields are only 0.6 percent great-
er than their smallest values. Larger production in model X reduced the 
national average yield nearlytwo percent below the yield in model I. 
The range of production costs, excluding land rent, among models I 
through IX is very narrow when measured as a percentage of non-land pro-
duction costs (Table 4.2). Price before transportation as determined by 
the models represents the national average price at producing regions 
and may be interpreted as the price at country elevators. Price after 
transportation represents the national average price at the consuming 
Footnotes for Table 4.2. 
aProduction, yield, and prices are expressed in corn equivalent units, 
that is, if all feed grains in model I were corn, production would be 
229,350,000 tons, the yield would be 2.167 tons of corn per acre, and the 
price of corn would be 1.336 at country elevators and 1.431 at the consum-
ing regions. The quantities of production for the 10 models include the 
projected production outside the 152 producing regions but the other 
production data exclude it. 
bAnnual Crop Summary [46]. 
cPrices for 1972 and 1973 are prices received by farmers as reported 
in Field Crops [49]. 
Calen-
dar Year 1973 
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regions and may be interpreted as the price where the grain is utilized, 
i.e., at the point of processing, feeding, or export. The greatest 
difference in country elevator prices among the first nine models is 
1.9 cents per bushel but when measured as a percentage of the total price 
this variation is more than 15 times greater than the percentage varia-
tion in non-land production costs. The greater degree of variation of 
prices compared to the variables relating to production indicates that 
changes in transportation costs and export demands as specified in models 
I-IX have a substantially greater impact on prices (and implicitly land 
rent and the value of the regional upper and lower bounds on the indivi-
dual crops) than on yields and non-land production costs. 
In model II the country elevator price rises and the consuming re-
gion price falls compared to their levels in model I. Thus the use of a 
50-car rail system has the potential of increasing feed-grain prices for 
farmers and lowering food costs for consumers. In models III, IV, V, and 
VI the increased rail and barge costs result in higher prices than in 
model I at both country elevators and consuming regions. The country ele-
vator prices rise because feed grains tend to be produced in areas where 
production costs are higher or where there is greater competition for the 
use of land. A 10 percent shift in exports from the Gulf to Seattle~ 
model VIII, results in higher prices but a 25 percent shift, model IX, 
results in lower prices. Feed-grain prices in model X are higher as a 
consequence of greater exports. The national average corn price received 
by farmers in 1971 was $1.08 per bushel [49]. Prices for the 10 models 
appear to be consistent with 1972 and 1973 prices when the differences in 
exports are taken into consideration. 
Soybeans 
Soybean production in 1980 is projected to be 14.8 percent greater than 
in 1973 with the base level of exports, models I-IX, and 32.1 percent 
greater than in 1973 ~ith a 25 percent increase in exports, model X (Table 
4.3). The 25 percent export increase in model X has a larger impact on 
soybeans than feed grains because a larger percentage of soybean production 
is exported. Soybean exports in models I-IX are 50.4 percent greater than 
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ln 1973 and in model X they are 88.0 percent greater. Projections of 
soybean exports for 1980 are substantially greater than exports in 1973, 
such is not the case for feed grains and wheat. Although the demand for 
soybeans increased in 1972 and 1973, the increased demand, compared to 
the historical trend of its increase, resulted in higher prices rather 
than increased exports. In fact, the percentage increase in soybean 
exports in both 1972 and 1973 was below the average annual increase from 
1966 to 1973. In contrast to feed grains and wheat, there were no large 
stocks of soybeans stored from production in previous years that could be 
exported in 1972 and 1973. The percentage increase in soybean exports 
for the seven years from 1966 to 1973 was 98 percent, which is even 
greater than the 88 percent projected in model X for the seven years from 
1973 to 1980. 
The range of the percentage variation in acres and yields among models 
I-IX is very small, about one-third as large as for feed grains. The 
range of the percentage variation in non-land production costs, although 
small, is somewhat larger than for feed grains, but the variation in soy-
bean prices at country elevators is also larger than the variation in 
feed-grain prices. Consequently, the percentage difference between the 
Footnotes for Table 4.3. 
a Quantities of production for the 10 models include the projected pro-
duction outside the 152 producing regions but the other production data ex-
clude it. 
b 
Exports include soybeans and soybean meal and cake. 
cAnnual Crop Summary [46]. 
dField Crops [49]. 
eUnited States Forei n A ricultural Trade Statistical Re ort Calendar 
Year 1973 22 
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high and low country elevator prices is 12 times greater than the percen-
tage difference between the high and low production costs. Again, the 
data suggest that the impact of transportation cost and export demand 
changes among models I-IX have a much larger impact on prices than on 
yields and non-land production costs. The relationships between 
country elevator and consuming region prices in models II-IX compared 
to model I for soybeans are similar to the price relationships described 
for feed grains. Increased exports, model X, again result in substantial 
price increases. Farmers received $2.85 per bushel of soybeans in 1970 
and $3.03 in 1971 [49]. Prices that resulted from the 10 models are lower 
than the average price in recent years, but historically the demand for 
soybeans has usually been strong and carryover stocks have been low. 
Prices for the 10 models are equilibrium prices, and it is not surprising 
that they are lower. 
Wheat 
Wheat production in 1980 is projected to be 9.8 percent less than in 
1973 with the base level of exports, models I-IX, and 1.5 percent greater 
than in 1973 with a 25 percent increase in exports, model X (Table 4.4). 
The projection of wheat production is low compared to 1973 because domes-
tic consumption of wheat as food is projected to decline and exports 
projected on past trends prior to 1972 are less than exports in 1972 and 
1973. Exports in model X are greater than in 1972 but still less than in 
1973. 
The range in acres, yields, and production costs for wheat is very 
low among models I-IX (Table 4.4). The greatest difference in country 
elevator wheat prices among the first nine models is 2.8 cents per bushel. 
Again, on a percentage basis the impacts that result from differences in 
transportation costs and location of the demand for exports in models I-IX 
are much larger for prices than for production variables. Relationships 
among country elevator and consuming region prices for wheat in the 10 
models are similar to those for feed grains and soybeans except the prices 
in model IX are higher than those in both model I and model VIII because 
a large volume of wheat is grown near and exported from northwestern ports. 
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Prices in the 10 models are about the same as the 1972 average price ex-
cluding support payments. Wheat prices received by farmers in 1971 were 
$1.34 per bushel excluding support payments and $1.89 with support pay-
ments [49]. 
Cotton 
The acres used, yield, and production costs for cotton are unaffect-
ed by the changes in transportation costs and export demands in models 
I-IX. Total production in each of the 10 models is 10.140 million bales, 
of which 2.103 million bales are for export. In models I-IX, 8,830,927 
acres within the 152 producing regions are used for cotton and they have 
an average yield of 1.1366 bales per acre. The associated production 
cost, excluding land rent, is $1,510 million. The number of acres used 
for production increases to 9,095,142 and the average yield falls to 1.0358 
bales per acre with the 25 percent increase in grain exports in model X. 
Production costs, again exclusive of the return to land, rise to $1,526 
million in model X. 
Among the 10 models the price of cotton ranges from 34.9~ per pound 
in models III and IV to 37.8~ per pound in model X. The price is 35.0~ 
per pound in each of the other models. The average price farmers re-
ceived for upland cotton (excluding allotment, price support, and diver-
sion payments) from August 1972 to July 1973 was 27.3~ per pound but the 
price rose to nearly 60~ per pound in the first quarter of 1974 Cl8]. 
Footnotes for Table 4.4. 
aQuantities of production for the 10 models include the projected 
production outside the 152 producing regions but the other production data 
exclude it. 
bAnnual Crop Summary [46]. 
cField Crops [49]. 
dUnited 
Calendar Year 
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Summary 
Yields and non-land production costs per acre for individual re-
gions are identical in all models. Variations in yields, acres used for 
production, and production costs (excluding all returns to land) among 
models I-IX result from minor shifts in the regional location of produc-
tion. The data are for national averages and do not indicate the direc-
tion or extent of a change in production or prices for an individual re-
gion. For example, national country elevator and consuming region prices 
for feed grains are higher in model III than in model I but the feed 
grain prices in consuming region 41 (which is identical to producing 
region 151) are lower in model III than in model I because region 41 is 
a feed-grain surplus area and ships grain to distant areas by rail. 
This illustrates that a transportation policy may produce opposite effects 
in different regions. 
At the national level changes in transportation costs, represented 
by models I-VII, and shifts in the export demands from the Gulf to Seattle, 
represented in models VII and IX, have only a small impact on grain yields 
and non-land production costs. The effects on prices are small in terms 
of cents per bushel but they are not so meager in terms of their total 
national impact. Feed-grain, soybean, and wheat production combined in 
1980 is projected to be 11.2 billion bushels with the base level of ex-
ports. A one-cent-per-bushel change in price would have a national 
value of $112 million. Tables 4.2, 4.3, and 4.4 show the impacts on 
prices range from no change to more than 4 cents per bushel. The great-
est effects are caused by the 20 percent increase in rail costs in 
model IV. 
Exports are very important to the grain industry. Model X shows 
that a 25 percent increase in grain exports results in substantial in-
creases in grain prices if the domestic demand for grain is unchanged. 
The increase in exports and prices beginning August 1972 confirms the 
results of model X. 
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Location of Grain and Cotton Production 
Production for 1980 as determined by models I and X and for 1969 
as reported in the 1969 Census of Agriculture [12] is shown by state and 
crop in Figures 4.1 through 4.4 (feed grains, Figure 4.1; soybeans, Fig-
ure4.2; wheat, Figure 4.3; and cotton, Figure 4.4). 1 Cotton production 
is the same in each of the 152 producing regions in the first nine models. 
Wheat, feed grains, and soybeans each have the same production in models 
II-IX as in model I for at least 146 producing regions, i.e., their pro-
duction differs from that in model I for only two to six producing re-
gions. These results, together with the small changes in yields and 
production costs, imply that alternative transportation costs in models 
I through VII and the partial relocation of export demands from the Gulf 
to Seattle in models VIII and IX do not appreciably change the location 
of grain and cotton production when the cost of production and transpor-
tation is minimized. 
Among the greater relocations of production are between the Corn 
Belt and Northern Plains territories in models VIII and IX. 2 The per-
centage shift in national wheat production from the Northern Plains to 
the Corn Belt is 0.35 percent between models I and VIII and 0.33 percent 
between models I and IX. In contrast, feed-grain and soybean production 
shift in the opposite direction. Only 0.05 percent of the national feed-
grain production and 0.17 percent of national soybean production shift be-
tween models I and VIII, and 0.20 percent of feed-grain production and 0.18 
percent of soybean production shift from the Corn Belt to the Northern Plains 
1Production data are combined for Pennsylvania, New Jersey, Delaware, 
and Maryland; Kentucky and Tennessee; South Carolina and Georgia; Louisiana 
and Mississippi; and Arizona and New Mexico because producing regions cross 
the boundaries of these states making it impossible to separate their pro-
duction for models I and X. 
2The territories are those outlined in Figure 5.3. In model I, per-
centages of national production in the Corn Belt at 10.49 percent for wheat, 
52.11 percent for feed grains, and 41.78 percent for soybeans for a total 
of 44.73 percent of all grains. Similarly for model I the Northern Plains 
supplied 44.29 percent of all wheat, 20.68 percent of feed grains, and 14.49 
percent of the soybeans for a total of 22.91 percent of all grains. 
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between models I and IX. The net perc~ntage of all grain production that 
moves from the Corn Belt to the Northern Plains is 0.01 percent between 
models I and VIII and 0.12 percent between models I and IX. 1 
Upper and lower limits on acreages of individual crops within each 
producing region may have prevented the location of grain production from 
shifting more than it did. The extent they prevented locational shifts can 
be implied by comparing changes in the combined production and transpor-
tation costs that would occur if the limits (upper or lower) in model I 
are decreased one unit to similar cost changes for the other models. For 
example, in model I total costs would have been $8.81 more if the upper 
limit on soybeans would have been one acre less in producing region 63. 
Total costs for model IV with its 20 percent increase in rail costs would 
have been $10.05 more for the same upper bound change. The difference in 
these cost reductions for a one-acre increase in the soybean limit may be 
interpreted to mean that the return to resources increases $1.24 per acre 
of soybean production in region 63 as a result of the 20 percent increase 
in rail costs. That is an increase of four cents per bushel for a soybean 
yield of 30 bushels per acre. Similar cost changes for a one-acre change in 
land available in a producing region have a comparable interpretation. 
Theoretically a very small change in net revenue per acre could induce 
shifts in the location of grain production. But from a practical viewpoint, 
considering management, risks, etc., it seems probable that a $1.24 increase 
per acre, as in the previous example, would cause very few changes in farmers' 
production decisions. In particular, it does not seem likely that many 
farmers would change their production patterns for a four-cent per bushel 
increase in the price of soybeans. On the other hand, a $3.00 per acre in-
crease, the equivalent of a 10-cent per bushel increase in the price of soy-
beans, may cause a significant response in production patterns. 
1The percentage changes for all other territories between models I 
and VIII and models I and IX for each grain are less than 0.005 percent 
of national production. 
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The point of this discussion is not to firmly establish how farmers re-
spond to small price changes but to show that the variations in the trans-
portation costs and export demands of models I through IX are not likely to 
significantly change production location patterns. There are 478 upper and 
lower crop limits and 152 regional land constraints for a total of 630 
individual cost comparisons that can be made for each pair of models. Cost 
changes that would occur with a one-acre change in the crop and regional 
land limits for models II through IX are compared to the cost changes for 
model I. 
When rail costs are increased 20 percent, model IV, 22 percent of 
the 630 comparisons result in a change in the return to resources of $1.25 
per acre or more, but less than 2 percent result in a change of $3.00 or 
more per acre. Higher rail costs have a tendency to disperse grain produc-
tion. Western regions of the Corn Belt have a lower incentive to grow feed 
grains and most other regions have a greater incentive to grow them. The 
incentive to grow wheat in the Mountain states (Colorado, Wyoming, Montana, 
etc.) declines and in most other regions, especially in the East and South-
east, it increases. The incentive to grow soybeans in many regions increases 
but there are scattered regions where the incentive decreases. All regions 
have a lower incentive to grow cotton because the regions that grow it have 
a stronger incentive to grow grain with the higher rail costs. The regions 
with the greatest changes in their incentive to produce particular crops 
are located near the periphery such as near the east coast, or in western 
mountain pr southwestern states because these regions are more dependent on 
rail transportation, and transportation is a larger part of the total cost 
of getting grain to or from them. The effects of a 10 percent increase in 
rail costs, model III, are similar but less intense than for the 20 percent 
increase. 
Shifting the export demand for grain from the Gulf to the Northwest 
coast causes fewer significant changes in the regional location of production, 
but those that do occur are stronger than for the 20 percent rail increase. 
When 25 percent of the Gulf export demand is shifted to Seattle, model IX, 
12 percent of the 630 comparisons with model I result in a revenue change of 
$1.25 per acre or more and more than two percent result in a change of $3.00 
or more. The shift caused a strong incentive, as much as $8.00 per acre, to 
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increase grain production near the northwestern ports. Generally, the further 
inland from Seattle the smaller the increase in the incentive until it becomes 
a disincentive at approximately a line passing through Minneapolis, Minne-
sota, and Denver, Colorado. The changes for each crop are similar but not 
identical. The net change in return to regional land constraints and crop 
limits for feed grains illustrates the effects (Figure 4.5). The greatest 
increases per acre are in the Northwest and the larger decreases per acre 
are concentrated in the Central Plains and the Corn Belt. Model VIII, with 
the 10 percent shift in the export demand from the Gulf, also creates large 
incentives for the regions in the Northwest to grow grain, but the incen-
tives do not reach as far ir:lz:nd and the disincentives for the rest of the 
country are much less than for the 25 percent shift. 
______ .,_ _,..t... ___ __ 
c--·~'--'-.-- . .:1 ..,-!- __ .....,...._ ___ .._ ______ ,_._.,__.._.!--..... 
eentives compared to those of model I are smL'llL Less than t"w':J perce;:-,t of 
the 630 comparisons result in a change in revenue as large as $1.25 per acre. 
Lower rail costs associated with the 50-car shipments permit the location 
of grain to depend more on the factors of production and less on transpor-
tation. Consequently, production has a greater tendency to be located where 
production costs are low and production becomes more concentrated. One 
exception to greater concentrations is that a few regions with ready access 
to water transportation, especially in Illinois, have a lower incentive to 
grow feed grains because much grain is transported from these regions by 
water which is comparatively more expensive in model II than in model I. 
Higher barge costs in models V and VI give a slight and probably in-
significant advantage to those areas that do not depend on water transpor-
tation. Even with the 20 percent increase in barge costs, none of the 630 
comparisons show a change in revenues as large as $1.25 per acre compared 
to those of model I. The alternate single-car costs in model VII reduce 
long and increase short distance costs for rail shipments. Like the changes 
in barge costs. the effects are small and unlikely to cause any appreciable 
change in the location of production. 
F
ig
ur
e 
4.
5.
 
:'·
· ..
.
 .
r:·
·· .
.
.
.
.
.
 .
 
·
·
·
·
·
·
·
·
 
:··
·· 
..
. ·
 :·
··
· .
.
.
.
.
.
.
.
.
 
'
/ ..
.
.
.
.
.
.
.
.
.
.
.
.
.
 
.
 
N
et
 c
ha
ng
e 
in
 d
ol
la
rs
 p
er
 a
c
re
 
in
 t
he
 m
a
rg
in
al
 r
e
tu
rn
 t
o
 
la
nd
 a
n
d 
fe
ed
-g
ra
in
 
bo
un
ds
 b
et
w
ee
n 
m
o
de
l 
I 
a
n
d 
m
o
de
l 
IX
. 
=
\ ... ·
 
.
.
 ····
~ .....
.
 '
-
.
 ·
·
·
 .
.
.
.
.
 
.
.
.
 ·
 
.
·
·
 
·
:: 
-
1.
77
 :
::
:.
.:
: .
•
..
•
. 
·
•
 
•
··
 .
•
•
•
•
 •
 •
.
•
 •
 
.
.
.
.
 
.
 
·
 
.
.
.
 
.
.
.
.
 
: 
.
.
.
 
..
 :. 
'
'
'
:.
 
.
 
.
 
.
:' 
·
·
: 
.
.
.
.
.
.
.
 
·~ ....
.
 y·:\
 
_
fr ..
..
. 
.
 
.
 
.
 
.
.
 
·
·
 
.
 
.
 
.
 
.
 
.
 
.
.
 
.
 
.
.
 
\ 
.
.
.
.
 
: 
·
·
 ..
 : 
·
 
.
 
.
 ~
 
.
·
'··
 
: ..
.
.
.
.
.
 ::·<
 :·}· 
:-·
· 
('~ 
·.
 
'..
, 
.
.
.
 
l 
lf 
.
 
.. ·
9 
.
.
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
.
 
-
1 
.
 
19
 
\1 
.
, 
•
..
 
L.. 
! 
··~..... 
·
 
..
 
r:
' 
.
.
.
.
.
.
.
.
.
.
..
 ! 
' 
\ 
( .
.
.
.
 
·.
, 
.
 
.
 
\ 
·
.
·
 .
 
.
 
·
 
·
·
 .
.
 
.
.
 
·
.
 ~ .
.
 ·
 
co
 
.
.
.
.
.
.
.
.
 
88 
If farmers' decisions to produce grain are not affected by a one or 
two dollar change in returns per acre of production, then there will be 
little change in the location of production if transportation costs change 
or if the demands for export shifts from the Gulf to the northwestern coast 
as contained in the first nine models. Rail cost increases of 20 percent 
or more without any change in other transportation costs or a shift in the 
demand for exports from the Gulf to the northwest coast may result in 
limited shifts in the location of grain production. A large demand for 
exports at northwestern ports would be especially important for farmers 
near those ports. But not even a large shift in the export demand from the 
Gulf to Seattle nor 20 percent higher rail costs would greatly change the 
national geographical pattern of grain production. We conclude, therefore, 
that the upper and lower limits on individual crops did not significantly 
prevent shifts in the location of production among the models. 
Associated with the location of production is the distribution of 
unused land. The location of unused available acres determined by the solu-
tion of model I (Figure 4.6) remains nearly the same for models II through 
IX. The greatest change from model I occurs when rail costs are increased 
20 percent, model IV, and the area of unused land increases 1,066,800 acres 
in North Dakota and the offsetting decline in unused land is scattered among 
Georgia, Ohio, Minnesota, Kansas, and Oklahoma. This increase of slightly 
more than one million acres of unused land in North Dakota is less than four 
percent of the total unused land in model I. In other words, the location 
of more than 96 percent of the unused land in model IV remained the same 
as in model I. 
Increasing rail costs 10 percent, model III, results in a similar 
relocation pattern but the increase in unused land in North Dakota is only 
683,187 acres compared to model I. The second largest change in unused 
acres among the first nine models occurs with model IX when 25 percent of 
the export demand at the Gulf is reassigned to Seattle and the area of un-
used land decreases 753,016 acres in Minnesota and increases a total of 
424,780 acres in Ohio, Kansas, and Texas compared to model I. The decrease 
is larger than the increase because the production shifts are associated 
with decreased yields. Surprisingly, not many of the unused acres near 
F
ig
ur
e 
4.
6.
 
Th
e 
pr
oj
ec
te
d 
lo
ca
ti
on
 o
f 
u
n
u
se
d 
a
v
a
il
ab
le
 a
c
re
s
 
in
 m
o
de
l 
I 
in
 1
98
0.
 
,
.
v
' 
' 
\ 
I 
' 
.
 
,
 
,;.r
---
---
n--
---
---
---
--,
---
---
-.-
--~
z:!
;)-
-
/ 
\ 
•
 
"LJ
 
I 
\ 
-
"
'
 
•
 
•
 L
 
-
.
t 
?-
'\ 
! IIA
o.
 
I 
-
-
-
~ 
-
-
-
>
 
.
.
 
!.,._
___
___
_ 
•
 
"
"
"
: 
0 
! 
•
 
'""-
--~-
----
----
! 
•
 
i 
' 
:<
 
J -~ 
-
yi
\ 
,_
L. 
-
•
 
--~
-- i i ' .. \ 
.
 
I 
t 
! 
.
.
 
; 
_.i~-
--* 
~--
~~ 
L 
I 
.
.
.
.
 
.
.
 
.
.
 
.
,
-
.
 
\ 
·
-
.
 .
,.
..
 _
_
 
.
 
I 
t 
1 
l 
·
 
•
 
_
_
_
 
.
.
 
r
t 
o
 
I 
.
.
 
.
 
_
_
 
T 
_
_
_
_
_
_
 
J_
__
 
\
·
 
I 
.
 
.
 
.
 
I 
-
-
-
-
-
-
-
-
/ 
.
,
 
I 
I 
8 
.
 ·
-
-
.
.
 
r 
-
-
-
-
-
•
 
.
 
I 
•
 
.
 
.
 
-
.
.
 
I 
I 
' 
II
 
I 
o
 
.
 
4t 
_
.
J-
r· 
A 
.
 
,-
•
•
I 
.
 
8 
•
 -
-
.
-
.
 
/. 
•
 
.
.
 
a 
L 
•
 
•
 
I 
.
 
.
.
 
.
 
-
-
-
.
.
,
-
'
-
.
 
·
 
-
-
-
-
-
.
,
.
.
_
 ·
-
-
-
-
-
-
,
-
-
-
.
.
.
L 
•
 
r·
 
.
.
 
--r
--~
-X 
.
 
\ ' 
' 
\ 
·
 
•
 
I 
-
-
-
-
-
-
-
,
 
-
-
-
·
 
·
 
w
 
/ 
.
 
1-
---
·-r
·-
.
 
•
 
-
-
.
-
-
~ o 
I 
i 
.
 
I 
0 
I 
•
 
•
 
-
J 
II
 
I 
~ 
•
 
; 
.
 
~~
, 
-
!
 
.·l~. 
.
 
I 
0 
A
 
I 
-
I 
I 
•
 
.----
-~ 
It·
 •
 
.
 
I 
\ 
o
 
•
 
.
.
 
-
-
-
·
 
I 
•
 
lo 
-
-
-
.
.
 
'
-
-
.
::
 
j ~-
~-~-
-J 
•
 
0 
Yo
 
0\o~
"-~
 · 
-
-
-
J-J
 
0 
~, 
•
 
o
 l
es
s 
th
an
 5
0,
00
0 
a
c
re
s
 
•
 
10
0,
00
0 
a
c
re
s
 
(X
) 
\0
 
90 
Seattle are drawn into production with the increase in demand at Seattle. 
The export demand at Seattle is 4,434,375 tons of corn equivalent feed 
grains, 4,015,252 tons of soybeans, and 2,691,205 tons of wheat greater in 
model IX than in model I. The Gulf export demand is, of course, reduced by 
the same quantity the Seattle demand is increased. Production of these 
exports would require 9,452,405 acres of land at the national average yields 
inmodel I. The increase in land use in Minnesota represents less than 
eight percent of the land needed to produce the additional export demand at 
Seattle. The relocation of production might have been greater if the bounds 
on individual cropping activities were less restrictive. Five producing 
regions--63, 82, 92, 139, and 140--have all their cropping activities at 
the upper bound but still have 1,018,080 acres of unused land. If the bounds 
were relaxed, some, if not all, of that land would enter production. The 
relaxation of the limits may not result, however, in a greater relocation 
of production because these same limits also restrict production in model 
I. Rather than an increase in the relocation of production in model IX 
compared to model I, if the limits were relaxed, the unused land in the five 
producing regions would probably come into production in both model I and 
model IX. Similarly, the mix of production, i.e., the rotation and conse-
quently the bounds, may change if a significant export market for feed 
grains and/or soybeans arises at the northwestern ports. Traditionally, 
there has not been any such market. Although the individual cropping ac-
tivities are not limited precisely to the traditional location of produc-
tion, they are nonetheless related to it. The opposite caution also holds, 
i.e., the lower bounds may require more production to occur in the North-
west than would occur if they were relaxed. Finally, if the export demand 
for feed grains is for corn--and much of it is--Minnesota and the Northern 
Plains vis-a-vis the Corn Belt may not have as great an advantage for ex-
porting from the Northwest as they seem to have in the models. All in all, 
the opening of a substantial export market at the Northwest ports would 
likely cause some grain production ro relocate nearer those ports. 
The location of unused land in models II, V, VI, VII, and VIII is 
for all practical purposes the same as in model I. For each of these 
models less than 250,000 acres of unused land occur in different regions 
91 
than in model I. The 25 percent increase in exports, model X, resulted in 
less than 5 million acres of unused land, but their geographical distribu-
tion (Figure 4.7) is similar to that of the 28 million acres of unused land 
in model I. 
Summary 
Grain production was 282 million tons in 1972 and 300 million tons 
in 1973. Models I through IX with a basic level of exports for 1980 have 
production of 330 million tons and model X with 25 percent more exports 
than the first nine models has production of 350 million tons of grain. 
The production of grain in the United States has increased rapidly in the 
past two decades, doubling between 1951 and 1972. Current export prospects 
promise to encourage high production levels and attendant grain transporta-
tion problems. 
Changes in transportation costs and distribution of export demands 
among the first nine models have only slight effects on crop yields, pro-
duction location, and production costs excluding land rent. The imputed 
rents to land and regional crop acreage limits absorb by far the greatest 
portion of the effects of the differences among these models. But even the 
differences in the vast majority of these rents seem too small to induce 
changes in the general pattern of regional production with two exceptions. 
First, the 20 percent increase in rail costs (model IV) slightly disperses 
grain production. Second, the 25 percent shift in the export demands from 
the Gulf to Seattle (model IX) significantly increases the incentive to pro-
duce in regions near Seattle. 
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V, INTERREGIONAL GRAIN TRANSPORTATION 
Recall that the ten models have 152 producing regions and 78 consuming 
regions. Interregional grain flows reported here are the flows from produc-
ing regions to consuming regions with one exception. A flow is excluded 
if part or all of the producing region where the grain originates lies 
within the consuming region for which the grain is destined. These flows 
are excluded because the consuming region demands for grain are represented 
by points and the distribution of the demands within the regions are not 
identified by the models. Intraregional flows are not determined by the 
models; consequently, grain transportation from farms to producing region 
centers is not determined. 
Grain 
Interregional Transportation Costs and Quantities Hauled by 
Transportation Mode 
The total cost of transportation is most severely effected by changes 
1 in rail costs (Figure 5.1 and Table 5.1). Transportation costs decline 6.1 
percent compared to model I when rail costs are lowered to reflect movements 
of grain in 50-car rather than single-car shipments. The largest cost in-
creases, excluding model X with the 25 percent increase in exports, result 
from the 10 and 20 percent increases in rail costs, models III and IV. For 
each 1.0 percent increase in rail costs, total transportation costs increase 
approximately 0.6 percent for both model III and model IV. 
The sum of tons shipped by all modes is positively associated with rail 
costs (Figure 5.1 and Table 5.1). When rail costs decline with the use of 
50-car shipments, the tons hauled by all modes declines 3.8 percent. 
1The transportation costs, as discussed in Part II, include actual 
shipping costs and elevator handling costs for loading and unloading. 
These two components of transportation costs are discussed in the section 
entitled 11 Shipping and handling costs 11 • 
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Figure 5.1 Percentage change from model I in interregional grain 
transportation costs and shipments for 10 models. 
Model 
II. 
III. 
IV. 
v. 
VI. 
VII. 
VIII. 
IX. 
X. 
(50-car) 
(10% rail) 
(20% rail) 
(10% barge) 
(20% barge) 
(alternate 
single-car) 
(10% Gulf-
Seattle) 
(25% Gulf-
Seattle) 
(25% exports) 
-8 -4 
~~~ cost (dollars) 
•••• quantity (tons) 
0 4 8 12 16 
Percent 
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Table 5.1. Transportation costs of interregional grain shipments by rail, 
~ater, and truck for 10 models. 
Model Total Rail Water Truck 
(thousand dollars) 
I. (single-car) 1,127,274 962,746 145,838 18,490 
II. (50-car) 1,058,691 939' 684 112,093 6,916 
Ill. (10% rail) 1,195,102 1,000,751 161,476 32,876 
IV. (20% rail) 1,262,989 996,879 222,943 43,167 
v. (10% barge) 1,136' 791 1,000,108 129,104 7,579 
VI. (20% barge) 1, 146,373 1,013,207 126' 691 6,475 
VII. (alternative 
single-car) 1,133,064 967,096 137,389 28,579 
VIII. (10% Gulf-Seattle) 1,138,766 998,523 126,688 13,555 
IX. (25% Gulf-Seattle) 1,171,790 1,050,245 110,447 11' 098 
X. (25% export) 1,203,081 1,016,594 164,138 22,350 
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The tons hauled by all modes increases 2.5 percent when rail costs are in-
creased 10 percent (model III) and 4.9 percent when rail costs are in-
creased 20 percent (model IV). In models III and IV the average decrease 
in grain hauled by rail is 0.32_percent for each 1.0 percent increase in rail 
costs (Figure 5.2). 
Increases in barging costs, models V and VI, result in higher trans-
portation costs (Figure 5.1), fewer barge and truck shipments, and more 
rail shipments (Figure 5.2) than in model I. Grain transportation costs 
are less sensitive to barge than to rail cost changes. Changes in rail costs 
result in large impacts because rail hauls the largest share of all grain. 
In model I, water carries only one-fourth the quantity hauled by rail. 
However, the differences in the quantities carried by rail and water do not 
nearly explain the greater impacts of rail vs. barge cost increases. In 
models V and VI, only the cost of barging on the Mississippi and Columbia-
Snake Systems are increased; shipping costs on the Great Lakes are not 
changed. Excluding traffic on the Great Lakes, the tons hauled by rail are 
3.97 times the tons shipped by barge. But the increase in total transpor-
tation cost is 7.11 times larger for a 20 percent increase in rail costs, 
model IV, than for an equal increase in barge costs, model VI. The impli-
cation is that grain transportation costs are nearly twice as sensitive to 
rail costs as to barge costs. The quantity carried by water increases 28 
percent when rail costs are increased 20 percent but decreases only 19.9 
percent when barge costs are increased 20 percent (Figure 5.2). This compari-
son implies grain switches more readily from rail to water when rail costs 
increase than from water to rail when water costs increase. 
Use of the alternate single-car costs in model VII results in more than 
a four-million ton increase in the quantity carried by truck and a five-
million ton decrease in the quantity carried by rail (Table 5.2). Recall 
that the effect of the alternate single-car cost is to increase the cost of 
rail hauls for distances less than about 800 miles and to decrease the costs 
for longer hauls. Eighty-seven percent of the increase in truck traffic 
is the substitution of truck for rail in short hauls. 
Shifting part of the export demand from the Gulf to Seattle in models 
VIII and IX generates an increase in total costs and rail costs and a 
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Table 5.2. Thousand tons of interregional grain shipments by rail, water, 
and truck for 10 models. 
Model Total Rail Water Truck 
I. (single-car) 153,996 116,741 30,280 6,975 
II. (50-car) 148,210 121,049 24,372 2,789 
III. (10% rail) 157,814 113,012 33,397 11,405 
IV. (20% rail) 161,499 107,976 38,771 14,752 
v. (10% barge) 149,886 120,556 26,339 2, 991 
VI. (20% barge) 148,682 121' 859 24,255 2,568 
VII. (alternative 
single-car) 153,613 111,705 30,490 11,418 
VIII. (10% Gulf-Seattle) 150,545 118,364 26,756 5,425 
IX. (25% Gulf-Seattle) 147,617 120,708 22,390 4,519 
X. (25% export) 171,766 127,954 35,361 8,451 
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decrease in water and truck costs. Although the total costs increase, 
the total number of tons~hauled by all modes declines 2.2 percent in model 
VIII and 5.5 percent in model IX (Figure 5.1). The quantity hauled by rail 
in model IX increases 3.4 percent and the cost of rail shipments rises 9.1 
percent. Water and truck shipments decline in model VIII and IX compared 
to model I. In model IX the tonnage carried by water declines to two-
thirds that carried with the normal distribution of exports. The percen-
tage decline in the tons carried by water is 8.3 percent greater than the 
decline in the cost of water transportation, which implies either an increase 
in the average distance grain moves by water or a relative increase in the 
more expensive water movements. 
A comparison of model I and model X shows that fluctuations in the 
level of grain exports have important implications for grain transportation. 
A 25 percent increase in grain exports causes a 15.5 percent increase in 
tons of grain hauled by all modes and a 6.7 percent increase in transporta-
tion costs (Figure 5.1). Higher exports cause the greatest percentage in-
crease for truck shipments. If the tons hauled by all modes would have 
increased by the additional tons exported, the total tons transported would 
have increased to 174.276 million tons rather than to only 171.866 million 
tons (Table 5.2). Although the number of tons transported does not increase 
by as much as the increase in exports, a greater percentage of production 
is transported interregionally. 
The total quantity transported interregionally as reported in Table 
5.2 is the sum of tons transported by rail, water, and truck. If a ton of 
grain is hauled by more than one transportation mode, for example by a truck 
barge combination (Table 5.3), then that ton is counted twice in the total 
quantity transported. Nearly all the variation in the total quantity trans-
ported among the first nine models results from more or less double counting. 
Actual tons transported interregionally by one or more modes ranges from 
140.4 million tons in model III to 142.0 million tons in model II. 1 In 
1 Actual net tons transported interregionally can be computed by sub-
tracting the tons shipped by combinations of modes in Table 5.3 from the 
corresponding total gross tons in Table 5.1. 
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Table 5.3. Thousand tons of grain shipped only by water, a combination of 
rail and water, and a combination of truck and water in 10 
models. 
Model Water only Rail-water Truck-water 
I. (single-car) . 17,018 6,287 6,975 
II. (50-car) 17,302 4,282 2,789 
III. (10% rail) 16' 011 6,647 10,750 
IV. (20% rail) 17,853 8,979 11,939 
v. (10% barge) 17' 112 6,565 2,662 
VI. (20% barge) 16,367 3,270 2,564 
VII. (alternative 
single-car) 17,572 5,543 7,374 
VIII. (10% Gulf-Seattle) 16,837 4,495 5,424 
IX. (25% Gulf-Seattle) 15,576 3,019 3,795 
x. (25% export) 17,273 9,783 8,306 
contrast to the first nine models, the actual quantity transported inter-
regionally is 12.9 million tons greater in model X than in model I, which 
equals 60 percent of the increase in total gross tons transported in model X 
(Table 5. 1). 
In models I through IX, 43 percent, and in model X, 44 percent of all 
grain produced is transported out of the consuming region where it is pro-
duced. Assuming 62 percent of feed-grain production, 98 percent of soybean 
production, and 93 percent of wheat production are sold from farms where 
grown in 1980, then 72 percent of the grain produced in 1980 will be sold 
from farms where it was grown. 1 If 72 percent is sold and 43 percent is 
1sixty percent of feed-grain production was sold from farms in 1972. 
A larger part of feed grains has become comprised of sorghum and corn. The 
rate of feed-grain sales is projected to increase because about 80 percent 
of sorghum produced is sold, and because the percentage of corn sold has 
increased from 45-50 percent in the early 1960's to 56-58 percent in the 
early 1970's. The projected percentage of soybeans and wheat sold is main-
tained at approximately current levels because most of these crops are al-
ready being sold. Data on farm sales is reported in Agriculture Statistics [59]. 
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transported out of the local region where it is produced, then 29 percent 
will be sold and utilized locally. These percentages for farm sales apply 
to the base level of exports in models I-IX. Farm sales and interregional 
shipments would be larger if more grain were exported as indicated by the 
results of model X. 
Quantities of grain transported interregionally by a combination of 
either water and rail or water and truck are dramatically affected by the 
differences in the 10 models (Table 5.3). Most of the differences in the 
total quantities carried by water among the lOmodels (Table 5.2) result 
from changes in the quantities carried by a combination of modes because 
the quantity hauled solely by water varies much less than that carried by a 
combination of transportation modes. The total quantities hauled inter-
regionally by truck are closely associated with changes in the quantities 
hauled by a combination of truck and water (barge). In actuality, much 
more grain would be hauled by truck than is reported in Table 5.2 because 
intraregional shipments are not included in this study. If 29 percent of 
grain production is sold from farms and utilized locally, as previously 
projected, most of it would be shipped by truck because it would be trans-
ported comparatively short distances. Some of the longer local grain 
shipments would be made by rail and more would move by rail, taking advan-
tage of transit or other privileges. Barges would not be expected to haul 
grain for intraregional shipments because of their comparative cost disad-
vantage for short distances. 
Feed grains 
Feed grains comprise by far the largest share of the tonnage shipped 
and transportation cost of all grain. The variations in costs (Table 5.4) 
and tonnages (Table 5.5) among the models is much greater for truck and water 
' than for rail. Interestingly, total costs decline and total tons increase 
for interregional feed-grain shipments when exports are increased 25 per-
cent, model X. This phenomenon results largely from a five percent decline 
in the average rail distance traveled by a ton of feed grains. 
Only small quantities of feed grains are shipped by the rail-water 
combination (Table 5.6). The increase in rail-water movements in models 
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'Bable 5.4. Transportation costs of interregional feed-grain shipments by rail, 
water, and truck for 10 models. 
Model Total Rail Water Truck 
(thousand dollars) 
I. (single-car) 757,103 644,732 100,499 11' 872 
II. (50-car) 712,105 633,946 77,436 723 
III. (10% rail) 803,847 676,835 108,814 18,199 
IV. (20% rail) 849,417 671,569 157,761 20,087 
v. (10% barge) 763,909 679,599 83,537 772 
VI. (20% barge) 769,998 680,692 88,853 453 
VII. (alternative 
single-car) 756,351 649 '725 95,590 11,035 
VIII. (10% Gulf-Seattle)762,846 664,663 90,529 7,654 
IX. (25% Gulf-Seattle)779,793 691,890 82,455 5,448 
X. (25% export) 740,612 625,817 101,971 12,823 
Table 5.5. Thousand tons of interregional feed-grain shipments by rail, water, 
and truck for 10 models. 
Model Total Rail Water Truck 
I. (single-car) 93,291 69,656 19,320 4,315 
II. (50-car) 89,332 73' 177 15,857 298 
III. (10% rail) 95,318 68,836 29,365 6,117 
IV. (20% rail) 96,258 66,369 22,908 6,981 
v. (10% barge) 89,275 73' 118 15,858 299 
VI. (20~'. barge) 89,163 73,231 15,746 186 
VII. (alternative 
single-car) 92,603 69,160 19,186 4,257 
VIII. (10% Gulf-Seattle)92,028 71,107 17' 872 3,049 
IX. (25/o Gu1f-Seatt1e)89,367 73,284 15,807 2,243 
x. (25% export) 95,399 70,320 20,247 4,832 
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~able 5.6. Thousand tons of feed grains shipped only by water, a combination 
of rail and water, and a combination of truck and water. 
I. 
II. 
III. 
IV. 
v. 
VI. 
VII. 
VIII. 
IX. 
X. 
Model Water only Rail-water Truck-water 
(Single-car) 15,005 0 4,315 
(50-car) 15,560 0 297 
(10% rail) 13,998 250 6,117 
(20% rail) 15,473 1,084 6,351 
(10% barge) 15,560 0 299 
(20% barge) 15,559 0 186 
(alternative 
single-car) 15,559 0 3,626 
(10% Gulf-Seattle) 14,824 0 3,048 
(25% Gulf-Seattle) 13,563 0 2,243 
(25% export) 15,065 351 4,832 
III and IV is most noticeable because feed grains do not move by that combi-
nation in any other models except model X. It seems unlikely that rail-
water movements would increase with the rail cost increases of models III 
and IV because rail is a part of the rail-water combination. But this 
shift occurs precisely because rail is only a part of the rail-water com-
bination; the combination of modes displaces the more expensive alternative 
of using rail by itself. 
The percentage of feed grains shipped interregionally, net of double 
counting that results from a combination of modes, is 39 percent in models 
I-VIII and 38 percent in models IX and X. These percentages together with 
the assumption that 62 percent of the feed grains produced are sold from 
farms where grown, imply that 27 percent of the feed grains are sold and 
utilized locally. 
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Soybeans 
The cost of transporting soybeans is $138,478,000 (Table 5.7), only 
12.3 percent of all interregional transportation costs (model I). Water 
carried 32 percent (model I) of the soybeans shipped by all modes (Table 
5.8), a larger percentage than for feed grains (21 percent) or wheat (five 
percent). Consequently, the impacts of the changes in barge costs are 
larger for soybeans than for the other grains. The shift in the export 
demand from the Gulf to Seattle significantly decreases the sum of the tons 
hauled by all modes because the quantities carried by a combination of modes 
decline sharply (Table 5.9). But the reduction in the sum of the tons hauled 
by all modes is associated with a corresponding increase in transportation 
costs because (1) more soybeans are transported through the Mountain-Pacific 
Railroad Cost Territory which has higher terminal rail costs and (2) be-
cause the average distance soybeans are hauled by rail is substantially 
greater. Most soybeans shipped by water are transported by a combination of 
modes (Table 5.9). The use of rail to deliver grain to water access points 
is much more significant for soybeans than for the other grains. 
Increased exports in model X have large impacts because nearly 58 
percent of the soybeans produced are already exported in model I and all 
the additional exports in model X are assumed to be uncrushed while only 70 
percent are uncrushed in model I. The percentage of soybean production 
transported interregionally is 40 percent in models I-IX and 46 percent in 
model X. These percentages imply that with 98 percent of the soybeans sold 
from farms, 58 percent are sold and utilized (crushed) locally in models 
I-IX and 52 percent are sold and utilized locally in model X. 
Wheat comprises about one-fifth of all grain transportation costs and 
tons shipped. Changes in rail costs have the greatest impact on wheat 
transportation (Table 5.10) because 94.5 percent (model I) of wheat shipped 
interregionally is shipped by rail (Table 5.11). Changes in barge costs have 
little affect on the transportation cost of wheat because more than half of 
the few tons shipped by water, model I, are carried on the Great Lakes 
where water costs are unchanged. 
105 
Table 5.7. Transportation costs of interregional soybean shipments by rail, 
water, and truck for 10 models. 
Model Total Rail Water Truck 
(thousand dollars) 
I. (single-car) 138,478 95,207 37,007 6,264 
II. (50-car) 133,205 94,288 32,725 6' 192 
III. (10% rail) 143,887 96,482 38,708 8,697 
IV. (20% rail) 149' 727 87,581 46' 779 15,367 
v. (10% barge) 141,369 96,784 38,134 6,451 
VI. (20% barge) 144,953 107,015 31,926 6,012 
VII. (alternative 
single-car) 142,666 95,296 36,074 11,295 
VIII. (10% Gulf-Seattle)l45,726 110' 873 29,306 5,547 
IX. (25% Gulf-Seattle)l59,117 132' 683 21,139 5,295 
X. (25% export) 190,739 132,311 49,383 9,045 
Table 5.8. Thousand tons of interregional soybean shipments by rail, water, 
and truck for 10 models. 
Model Total Rail Water Truck 
I. (single-car) 29,256 17,351 9,385 2,520 
II. (50-car) 28,528 17,845 8,192 2,491 
III. (10% rail) 29,443 16,523 9,703 3,217 
IV. (20% rail) 30,752 14,325 11,350 5,077 
v. (10% barge) 29,525 17' 775 9,198 2,552 
VI. (20'7o barge) 28,710 18,714 7,618 2,378 
VII. (alternative 
single-car) 29,256 15,048 9,301 4,907 
VIII. (10% Gulf-Seattle) 27,646 17,673 7,737 2,236 
IX. (25% Gulf -Seattle) 25,403 17' 831 5,436 2' 136 
X. (25% export) 38,713 23,041 12,243 3,429 
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Table 5.9. Thousand tons of soybeans shipped only by water, a combination 
of rail and water, and a combination of truck and water. 
Model Water only Rail-water Truck-water 
I. (single-car) 1,889 4,976 2,520 
II. (50-car) 1, 618 4,083 2,491 
III. (10% rail) 1,889 4,702 3' 113 
IV. (20% rail) 2,256 5,387 3,707 
v. (10% barge) 1,428 5,546 2,223 
VI. (20% barge) 800 2,379 4,440 
VII. (alternative 
single-car) 1,889 3,800 3,611 
VIII. ( 10/o Gulf-Seattle) 1,889 3' 615 2,236 
IX. (25% Gulf-Seattle) 1,889 2' 136 1,412 
X. (25% export) 1' 914 7,017 3,312 
Table 5.10. Transportation costs of interregional wheat shipments by rail, 
water, and truck for 10 models. 
Model Total Rail Water Truck 
(thousand dollars) 
I. (single-car) 231' 693 223,007 8,331 335 
II. (50-car) 213 '381 211,450 1' 931 0 
III. (10% rail) 247,368 227,434 13.955 5,979 
IV. (20/o rail) 263,R45 237' 729 18,403 7 '713 
v. (10% barge) 231,513 223' 725 7,433 355 
VI. (20% barge) 231,422 225,499 5' 912 10 
VII. (alternative 
single-car) 234,048 222,075 5, 724 6,249 
VIII. (10% Gulf-Seattle) 230,195 222,987 6,853 355 
IX. (25% Gulf-Seattle) 232,880 225,672 6,853 355 
X. (25% export) 271,730 258,466 12,782 482 
107 
Table 5. 11. Thousand tons of interregional wheat shipments by rail, water, and 
truck for 10 models. 
Model Total Rail Water Truck 
I. (single-car) 31,449 29,734 1,575 140 
II. (50-car) 30,350 30,027 323 0 
III. (10% rail) 33,053 27,653 3,329 2,071 
IV. (20% rail) 34,489 27,282 4,513 2,694 
v. (10% barge) 31,086 29,663 1,283 140 
VI. (20% barge) 30,809 29,914 891 4 
VII. (alternative 
single-car) 31,754 27,497 2,003 2,254 
VIII. ( 10% Gulf·-Seattle) 30,871 29,584 1,147 140 
IX. (25% Gulf-Seattle) 30,880 29,593 1,147 140 
x. (25% export) 37,654 34,593 2,871 190 
Wheat movements by water are very sensitive to rail cost changes be-
cause the rail-water combination constitutes a large part of all water 
shipments (Table 5.12). Movements by water alone and a combination of 
water and truck are small because wheat production is not located around 
navigable waterways, except for the Columbia and Snake Rivers. 
Approximately 65 percent of wheat production is transported interre-
gionally and 28 percent is utilized locally in models I-IX, assuming 93 
percent is sold from farms where it is grown. When exports are increased 
25 percent, model X, 67 percent is transported interregionally and 26 percent 
is utilized locally. The 25 percent increase in exports causes a 5.1 million 
ton (17 percent) increase in interregional wheat shipments. 
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Table 5.12. Thousand tons of wheat shipped only by water, a combination of 
rail and water, and a combination of truck and water. 
Model Water only Rail-water Truck-water 
I. (single-car) 124 1,311 140 
II. (50-car) 124 199 0 
III. (10% rail) 124 1,695 1,510 
IV. (20% rail) 124 2,508 1,881 
v. (10% barge) 124 1,019 140 
VI. (20% barge) 8 891 0 
VII. (alternative 
single-car) 124 1,743 137 
VIII. (10% Gulf-Seattle) 124 883 140 
IX. (25% Gulf-Seattle) 124 883 140 
X. (25% export) 294 2,415 162 
Shipping and Handling Costs 
Grain transportation costs cannot be analyzed without considering 
loading and unloading handling costs because the latter depend on the trans-
portation mode. Handling costs are an important part of total transporta-
tion costs. Changes in handling costs do not always correspond to changes 
in shipping costs because shipping costs depend on the distance and quantity 
hauled, but handling costs depend only on the quantity. 
Details of shipping and handling costs by model and transportation 
mode are in Table 5.13 for feed grains, Table 5.14 for soybeans, and Table 
5.15 for wheat. The average percentage of total interregional transpor-
tation costs comprised of handling costs for all grains and modes ranges 
from a low of 20 percent in model IV to a high of 22.5 percent in model II. 
The percentage of transportation costs comprised of handling costs for all 
grains and models is 20.7 percent for rail, 20.1 percent for water, and 58.7 
percent for truck. Handling costs for feed grains account for 19.9 percent 
of all transportation costs averaged over the ten models. In contrast, 
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Table 5.13. Shipping and handling costs of interregional feed-grain shipments 
by rail, water, and truck for 10 models. 
Rail Water Truck 
Model Shipping Handling Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 518,028 126,704 83 '220 17,279 4,683 7,189 
II. (50-car) 500,837 133' 109 61,644 15,792 227 496 
III. (10% rail) 551,622 125,213 87,665 21,149 8,008 10,191 
IV. (20% rail) 550,844 120,725 133' 138 24,623 8,458 11' 630 
v. (10% barge) 546,597 133,002 67,745 15 '792 274 498 
VI. (20% barge) 547,485 133,207 73,258 15,595 143 310 
VII. (alternative 
single-car) 523,923 125,802 73,516 22,074 3,943 7,092 
VIII. (10% Gulf-
Seattle) 535,319 129,344 71,756 18' 773 2,574 5,080 
IX. (25% Gulf-
Seattle) 558,586 133,304 65,650 16,805 1, 711 3' 737 
X. (25% export) 497,905 127,912 81,197 20,774 4, 774 8,050 
Table 5.14. Shipping and handling costs of interregional soybean shipments by 
rail, water, and truck for 10 models. 
Rail Water Truck 
Model Shipping Handling Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 66,925 28,282 28,992 8,015 2,502 3,762 
II. (50-car) 65,201 29,087 25' 729 6,996 2,473 3, 719 
III. (10% rail) 69,550 26,932 30,422 8,286 3,894 4,803 
IV. (20% rail) 64,231 23,350 37,086 9,693 7,787 7,580 
v. (10% barge) 6 7' 811 28,973 30,279 7,855 2,641 3,810 
VI. (20% barge) 76,511 30,503 25,420 6,506 2,462 3,550 
VII. (alternative 
single-car) 70,768 24,528 28' 131 7,943 3,969 7,320 
VIII. (10% Gulf-
Seattle) 82,066 28,807 22,699 6,607 2,209 3,338 
IX. (25% Gulf-
Seattle) 103,618 29,065 16,495 4,644 2,106 3' 189 
X. (25% export) 94,754 37,557 38,928 10,455 3,926 5,119 
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Table 5.15. Shipping and handling costs of interregional wheat shipments 
by truck,water, and rail for 10 models. 
Rail Water Truck 
Model Shipping Handling Shipping Handling Shipping Handling 
Cost (thousand dollars) 
I. (single-car) 174,541 48,466 6,252 2,079 146 209 
II. (50-car) 48,944 1,498 432 0 0 
III. (10% rail) 182,260 45,174 10,015 3,940 2,887 3,092 
IV. (20% rail) 193,259 44,470 13,374 5,029 3,691 4,022 
v. (10% barge) 175,374 48,351 5,603 1,830 146 209 
VI. (20% barge) 176,739 48,760 4,457 1,457 4 6 
VII. (alternative 
single-car) 177,255 44,820 3,519 2,204 2,884 3,365 
VIII. (10% Gulf-
Seattle) 174,765 48,222 5,139 1,714 146 
IX. (25% Gulf-
Seattle) 177,435 48,237 5,139 1, 714 146 
X. (25% export) 202,079 56,387 9,660 3' 122 198 
handling costs are 27.5 percent of all soybean transportation costs and 
21.7 percent of all wheat transportation costs. Handling costs comprise 
a larger share of transportation costs for trucks and for soybeans because 
their average shipping distances are shorter compared to the other modes 
and grains. 
Interregional Shipments Measured in Ton-miles 
Ton-miles is a measure of both distances and quantity carried. 1 The 
percentage variation in ton-miles for all grains is generally greater than 
the variation in tons shipped. The five exceptions are rail in models VII 
and X and water in models III, IV, and IX. 
1one ton-mile is the movement of one ton for a distance of one mile. 
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209 
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The sum of the ton-miles for all modes and grains among the first 
nine models is the least for model IX, 118,732 million and the greatest for 
model IV, 127,075 million (Table 5.16). Although model IX has the least 
number of ton-miles it ranks third (below models III and IV) in total trans-
portation costs. Increasing rail costs 20 percent, model IV, produces both 
the largest number of ton-miles and the greatest total transportation costs. 
Model II, which has the lowest transportation costs, has 121,386 million 
ton-miles of grain traffic. 
The distribution of ton-miles among transportation modes is impor-
tant. For example, model II with its 50-car shipments has the third largest 
number of rail ton-mi.les but the lowest number of total ton-miles. 
Although the total transportation services required for model II are low, 
the implication is clear, that it requires more railroad services than all 
other models except VI and IX. 
Table 5.16. Billion ton-miles, and corresponding percentage of model I, 
of interregional grain traffic by rail, water, and truck 
for 10 models. 
Model Total Rail Water Truck 
Ton- Ton- Ton- Ton-
Miles Percent Miles Percent Miles Percent Miles Percent 
I. (single-car) 123.7 100.0 87.0 100.0 36.4 100.0 .206 100.0 
II. (50-car) 121.4 98.2 91.9 105.6 29.4 80.8 .090 43.6 
III. (10% rail) 124.1 100.4 83.9 96.4 39.8 109.3 .401 195.1 
IV. (20% rail) 127. 1 102.8 79.8 91.7 46.6 127.9 .683 331.9 
v. (10% barge) 121.4 98.2 90.7 104.3 30.6 84.0 .104 50.4 
VI. (20% barge) 120.9 97.8 91.9 105.6 28.9 79.4 .088 42.9 
VII. (alternative 
single-car) 123.6 99.9 88.3 101.4 34.8 95.4 .547 265.7 
VIII. (10% Gulf-
Seattle) 122.5 99.1 91.1 104.6 31.3 85.9 .142 69.0 
IX. (25% Gulf-
Seattle) 118.7 96.0 92.4 106.2 26.2 71.9 .116 56.6 
X. (25% export) 134.1 108.4 90.6 104.1 43.2 118.6 .272 132.0 
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The fluctuation in the ton-miles of water traffic among the models 
is considerably larger than it is for rail. The greatest ton-mile traffic 
for rail is 15.8 percent larger than the lowest. For water, the greatest 
level of traffic is 73.7 percent larger than the lowest level. Truck traffic 
exhibits a very wide fluctuation because no intraregional grain flows are 
included in the study, and they would generally be carried by trucks. The 
number of ton-miles for individual crops and modes are in Table 5.17 for 
feed grains, Table 5.18 for soybeans, and Table 5.19 for wheat. 
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10 models. 
Model 
(single-car) 
(50-car) 
(10% rail) 
(20% rail) 
(10% barge) 
(20% barge) 
(alternative 
single-car) 
(10% Gulf-Seattle) 
Seattle) 
(25% Gulf-
Seattle) 
(25% export) 
Rail 
60,297 
63,595 
58,376 
55,925 
63,512 
63,611 
61,101 
62,169 
65' 139 
57,759 
(100.0) 
(105.5) 
( 96.8) 
( 92. 7) 
(105. 3) 
(105.5) 
(101.3) 
(103.1) 
(108.0) 
( 95. 8) 
.. 6 " -- .· .. _. 
-- ! '1 
Water 
25,201 
20,405 
27,158 
30.871 
20,425 
20,270 
24,561 
22,891 
20,233 
26,841 
u-
(100, 0) 
( 81. 0) 
( 107. 8) 
( 122. 5) 
( 81. 0) 
( 80. 4) 
( 97.5) 
( 90. 8) 
( 80.3) 
( 106. 5) 
-- ~ - ... 
. ,.. 
Truck 
116 (100.0) 
6 ( 4. 9) 
157 (135.1) 
230 (198.4) 
7 ( 5. 9) 
4 ( 3 .1) 
146 ( 125. 8) 
64 ( 55.2) 
43 ( 36. 8) 
118 (102.1) 
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Table S.l8. Million ton-miles, and corresponding percentage of model I, 
of interregional soybean traffic by rail, water, and truck 
for 10 models. 
Model Rail Water Truck 
I. (single-car) 6,906 (100. 0) 9,820 (100. 0) 8S (100.0) 
II. (SO-car) 7,700 ( 111. S) 8,767 ( 89.3) 84 ( 98.6) 
III. (10% rail) 6,610 ( 9S. 7) 10,236 (104.2) 132 (1SS.O) 
IV. (20% rail) S,S87 ( 80.9) 12,2S7 (124. 8) 299 (3SO.l) 
v. (10% barge) 7,282 (105.4) 9,0S2 ( 92. 2) 92 (108.2) 
VI. (20% barge) 8,210 ( 118. 9) 7,787 ( 79.3) 8S ( 99. 1) 
VII. (alternative 
single-car) 6,970 ( 100. 9) 9,442 ( 96. 2) 289 (338. 7) 
VIII. (10% Gulf-
Seattle) 9,046 (131.0) 7,440 ( 7S. 8) 73 ( 86 .1) 
IX. (2S% Gulf-
Seattle) 12,093 (17S.1) 4,996 ( so. 9) 69 ( 81.3) 
X. (2S% export) 9,944 (144.0) 13,669 (139.2) 147 (171. 7) 
Table S.19. Million ton-miles, and corresponding percentage of model I, of 
interregional wheat traffic by rail, water, and truck for 10 
models. 
Model Rail Water Truck 
I. (single-car) 19,82S ( 100. 0) 1,416 (100.0) 4 (100.0) 
II. (SO-car) 20,56S (103. 7) 26S ( 18. 7) 0 ( 0. 0) 
III. (10% rail) 18,948 ( 9S.6) 2,416 (170.7) 113 (2S10.8) 
IV. (20/o rail) 18,284 ( 92. 2) 3,468 (24S.O) 1S4 (3439. 2) 
v. (10% barge) 19,9SO (100.6) 1, 11S ( 78. 8) 4 (100.0) 
VI. (20% barge) 20,104 (101.4) 8S9 ( 60. 7) 0 ( 3.6) 
VII. (alternative 
single-car) 20,210 ( 101. 9) 768 ( S4.3) 112 (2494.2) 
VIII. (10% Gulf-
Seattle) 19,843 ( 100. 1) 974 ( 68. 8) 4 (100.0) 
IX. (2S% Gulf-
Seattle) 20,182 (101.8) 974 ( 68. 8) 4 (100.0) 
X. (2S% export) 22' 91S ( 11S. 6) 2,697 (190.S) 7 (147.8) 
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Average Distances of Interregional Grain Shipments 
The average distance grain is shipped can be measured by dividing the 
number of ton-miles by the number of tons hauled. The average distance trav-
elled by a ton of grain hauled by rail is approximately 750 miles (Table 
5.20). In the models grain is transported non-stop from producing regions 
to consuming regions unless it is transferred from one mode to another. 
Consequently, distances that result from the models, particularly for rail, 
are longer than they would be if some grain were moved from its origin to 
its destination in two or more steps by passing through intermediate eleva-
tors or markets. 
The higher rail costs, the shorter the average rail distance; the 
higher barge costs, the longer the average rail distance. Higher rail costs 
for short distances and lower rail costs for longer distances, model VII, 
produces the expected changes in average distances: an increase for rail 
and truck and a decrease for water. Rail distances increase because short 
rail movements are replaced by truck and long water movements are displaced 
by rail. Rail distances increase when the demand for exports is shifted 
from the Gulf to Seattle and decrease with the increased exports in model X. 
Average distances grain travels by water decrease when barge and rail 
costs are increased and when the export demand for grain is shifted from the 
Gulf to Seattle. The average water distance declines the most when long dis-
tance rail costs are decreased, model VII. A reduction in rail costs with 
50-car rail shipments not only increases the average rail distance but it in-
creases the average water and truck distances also. In contrast to rail, 
the average water distance increases as a result of the greater exports in 
model X. 
The average distance grain is hauled by truck in the 10 models is low 
(Table 5.20). Truck movements enter the optimal solutions largely in combi-
nation with the water mode; in fact no grain is hauled by truck alone in 
models I, II, and VIII. As discussed previously, much more grain would 
have been hauled by truck if intraregional shipments would have been includ-
ed in the models. Exclusion of these shipments may have resulted in shorter 
average shipments by truck, but under the assumption of this study the truck 
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Table 5.20. The average number of miles traveled by a ton of grain by 
mode for 10 models. 
Model Rail Water Truck 
I. (single-car) 745 1,203 29 
II. (50-car) 759 1,207 32 
III. (10% rail) 743 1,192 35 
IV. (20% rail) 739 1,202 46 
v. (10% barge) 753 1' 161 35 
VI. (20% barge) 754 1,192 34 
VII. (alternative 
single-car) 790 1,140 48 
VIII. (10% Gulf-Seattle) 769 1,170 26 
IX. (25% Gulf-Seattle) 766 1,170 28 
X. (25% export) 708 1,222 32 
mode is not competitive for distances much beyond 100 miles. Increasing all 
rail costs 20 percent, model IV, and increasing rail costs for short dis-
tances, model VII, have the greatest impacts on the average distance grain 
is carried by truck. 
Average distances traveled by mode and model are in Table 5.21 for 
feed grains, Table 5.22 for soybeans, and Table 5.23 for wheat. Among 
the striking differences between the grains is the short distance soybeans 
are hauled by rail and the variation among the models in the distance wheat 
is carried by water. Short rail distances for soybeans result mainly from 
two phenomena. First, a large portion of long-distance soybean flows are 
completed by barge because soybeans are produced near the Mississippi River 
System. Second, the major demand which gives rise to interregional soybean 
movements, the Gulf export demand, is near major soybean producing regions. 
The average distance wheat is shipped by water in model VII is low because 
it is the only model in which no wheat moves from Duluth, Minnesota, to 
Buffalo, New York, via the Great Lakes (an estimated distance of 970 miles) 
and a large quantity moves by barge for comparatively short distances on the 
Columbia-Snake System. Large movements on the Columbia -Snake System are also the 
cause of shorter water distances for wheat in models III and IV. 
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Table .J.Ll. The average number of miles traveled by a ton of feed grains by 
mode for 10 models. 
Model Rail Water Truck 
I. (single-car) 865 1,304 27 
II. (50-car) 869 1,287 19 
III. (10% rail) 849 1,333 26 
IV. (20% rail) 843 1,326 33 
v. (10% barge) 869 1,288 23 
VI. (20% barge) 869 1,287 19 
VII. (alternative 
single-car) 883 1,280 34 
VIII. (10% Gulf-Seattle) 874 1,281 21 
IX. (25% Gulf-Seattle) 889 1,280 19 
X. (25% exports) 821 1,326 25 
Table 5.22. The average number of miles traveled by a ton of soybeans by mode 
for 10 models. 
Model Rail Water Truck 
I. (single-car) 398 1,046 34 
II. (50-car) 431 1,070 34 
III. (10% rail) 400 1,054 41 
IV. (20% rail) 390 1,080 59 
v. (10% barge) 410 984 35 
VI. (20% barge) 439 1,022 35 
VII. (alternative 
single-car) 463 1,015 59 
VIII. (10% Gulf-Seattle) 512 961 33 
IX. (25% Gulf-Seattle) 678 919 33 
X. (25% exports) 432 1,116 43 
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Table 5.23. The average number of miles traveled by a ton of wheat by 
mode for 10 models. 
Model Rail Water Truck 
I. (single-car) 667 899 32 
II. (50-car) 685 820 0 
III. (10% rail) 685 725 54 
IV. (20% rail) 670 768 57 
v. (10% barge) 673 869 32 
VI. (20% barge) 672 964 40 
VII. (alternative 
single-car) 735 383 50 
VIII. (10% Gulf-Seattle) 670 849 32 
IX. (25% Gulf-Seattle) 682 849 32 
x. (25% export) 662 939 35 
Interregional Flows of Grain Within Each Model 
The general pattern of grain flows between producing and consuming 
regions by model, grain, and time period is described in this section. 
The description of model I is limited to general patterns and unique 
characteristics of the flows. The individual movements are presented 
graphically. Eight maps show the flows for model I. The first five 
show the flows of feed grains in the first and second time periods, soy-
1 beans in the first and second time periods, and annual wheat flows. 
The remaining three maps (one each for feed grains, soybeans and wheat) 
depict the directions and quantities of shipments carried at least part of 
the distance by water. Quantities of grain shipped from 10 producing 
territories (Figure 5.3) to 10 consuming territories (Figure 5.4) are 
1Recall that the first time period is December through March and the 
second is April through November. 
F
ig
ur
e 
5.
3.
 
T
he
 d
el
in
ea
ti
on
 o
f 
10
 p
ro
du
ci
ng
 t
e
rr
it
o
ri
es
. 
/ ...
.
.
.
.
.
 r:·
·· .
.
.
.
.
.
.
 
.
 
:~ 
.
 .
.
.
 
:··
·· 
;<'1~
~-~-~
ji'ic
 . 
rJ
.:.
' 
i 
~ 
·
·
.
 
.
 
.
 
·
g· 
.
 
.
 
.
.
.
 
.
 
: 
.
 
:: 
··
 ..
 
·.
. 
·.
 
\ 
7 4
4 
•
•
 
.
 
.
 
•
. 
.
 
.
 
.
 
·~ 
.
.
 
··
~ 
.
 
.
.
.
.
.
.
 
.
 
·
·
·
·
.
 ·
·
 .
.
.
 ·
·
.
 
•
 •
 ·~
· 
•
•
 0.
 
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
 
M
ou
nt
a;
in
 
.
 
~--· ..
.
 ···:·~·
· .... ··
 .
.
.
.
.
.
 .
 
:
:
 •
•
•
 •
 
: 
.
.
.
.
.
 
•
•
 
0 
-
·
 
·
 .
.
 .
 
0 0
:: 
.
.
.
.
 
·
·
·
·
 .
.
.
.
 
:"
···
···
 . 
r 
.
.
.
 .
.
.
 
.
.
.
.
 
-~ ....
 
·-~~ ...... 
.
 
J-::
. .. '·
··
 
0 
•
•
 
•
•
 
.
 ·
·
.
::. 
.
.
 
..
 
' 
•
 
0 
•
•
•
 
~ 
.
 
.
.
.
.
.
 : 
3 
~· .:. ·
::.".~\~
·:. 
.~
 Nort
he~-~
~ ; __ ;
.· 
.
.
.
 
··~·
 
·
·
 .
.
 
·
 
.
.
.
 
.
.
.
.
.
.
 
.
.
.
.
.
.
 
co
 
F
ig
ur
e 
5.
4.
 
Th
e 
de
li
ne
at
io
n 
o
f 
10
 c
o
n
su
m
in
g 
te
rr
it
o
ri
es
. 
120 
given for model I. The 10 producing territories are an aggregation of the 
152 producing regions and, similarly, the consuming territories are an 
aggregation of the 78 consuming regions. The 10 producing territories are 
not identical to the 10 consuming territories but conform sufficiently for 
the purpose of summarizing the flow of grain among major areas. 1 
After model I is discussed, the results of each subsequent model are 
compared with it. The descriptions of the similarities and differences 
between model I and the other models are condensed into listings of the most 
distinguishing and relevant changes that occur. Additional explanations and 
details, including maps, will be presented when warranted. Some of the 
additional maps show those flows that are in the given model but not in 
model I (called "added flows") and those flows that are not in the model but 
are in model I (called "removed flows"). With rare exception, the magnitude 
(tons) of a flow remains constant from one model to another unless the flow 
2 is entirely removed. Consequently, the maps encompass essentially all 
changes in flows between models. 
Model I: Single-car rail costs 
Feed grains Since production of feed grains is concentrated in the 
Corn Belt, feed grains flow from this territory to nearly every consuming 
region to the east and south of it (Figures 5.5 and 5.6 and Table 5.24). 
Feed grains from the Corn Belt, however, are not shipped west; but the North-
ern Plains ship both west and south. Very few movements cross a line running 
south from the eastern edge of North Dakota to the eastern border of Texas. 
There are more flows in period 2 than in period 1 but there are few differences 
between the general patterns of the two periods. One difference is the flows 
1The producing and consuming territories are not identical because the 
152 producing regions cannot be aggregated into the 78 consuming regions. 
Different criteria are used in delineating realistic producing and consuming 
regions; criteria which do not allow the two sets of territories to be 
identical. 
~hen model I is compared to each of the other models, the exceptions 
number only four for model X, three for model II, and two or less for models 
III-IX. 
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Figure 5.5. Flows of feed grains: Period 1, model I. 
<D Consuming region hub 
-------I<D 
origin destination 
Figure 5.6. Flows of feed grains: Period 2, model I. 
' ·,-..Lr. 
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to the Gulf; no feed grains whatsoever move from Iowa and Minnesota to the 
Gulf except during period 2 (April thru November). 
Water movements of feed grains are from Illinois, Iowa, and Minnesota 
to the Gulf ports and Memphis (Figure 5.7). Illinois has a special geo-
graphical advantage for supplying the Gulf ports because the Illinois Water-
way lies near the state's heavy corn producing areas. 
In general, the flows do not cross each other. A major exception, 
however, is the flow of feed grains from Iowa to the Southeast which 
crosses those from Illinois to the Gulf ports. This configuration occurs 
because Illinois has a ready, low-cost access to the Gulf via water. Had 
feed grains moved from Illinois to the Southeast and from Iowa to the Gulf, 
grain from Iowa would encounter additional handling costs when transferred 
to water or else would move at greater cost solely by rail. In either case, 
movement of grain via the Illinois Waterway to the Gulf minimizes costs. 
Soybeans Nearly all soybean flows in period 1 and period 2 are 
oriented around the export demand at New Orleans. Generally, the demand for 
soybeans by processors is satisfied by local production. A striking difference 
exists between flows in period 1 and period 2 (Figures 5.8 and 5.9 and Table 
5.25). The large New Orleans demand during period 1 is satisfied by produc-
ing regions lying south of St. Louis, the Delta States, Southern Plains, 
Southeast, and the southern extremes of the Corn Belt. Although many soy-
beans from southern regions also move to New Orleans in period 2, many more 
move from the Corn Belt, Northern Plains, and the Lake States. 
The different patterns for the two periods arise from the use of the 
Missouri and Upper Mississippi Rivers only during period 2 (Figure 5.10). 
Although the flow patterns are quite different in the two periods, the price 
of soybeans at New Orleans, as reflected by marginal production and trans-
portation costs, is only 5.9 cents per bushel higher in the winter (period 1) 
than in the remainder of the year (period 2). 
Wheat The majority of wheat flows are from the Northern Plains where 
it is produced, to other territories (Figure 5.11 and Table 5.26). Production 
in the Northern Plains satisfied the excess demand throughout the regions 
east of the Northern Plains. In addition, wheat is shipped from Kansas to the 
Southeast and to Gulf ports, but most of the Gulf export demand is met by 
124 
Figure 5.7. Thousand tons of feed grains shipped by water in model I. 
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Figure 5.9. Flows of soybeans: Period 2, model I. 
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Figure 5.10. Thousand tons of soybeans shipped by water in model I. 
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Figure 5.11. Flows of wheat: model I. 
<D Consuming 
origin destiition 
production in the Southern Plains. Wheat produced in Washington, Oregon, 
Idaho, and Montana is used to meet local needs and export demands at Seattle 
and Portland. The flow patterns are less detailed than if the different 
types of wheat would have been segregated. Separation of the wheat demand 
by type would increase the costs and quantities of wheat shipments and make 
the pattern of flows more complex. 
Wheat shipments by water are concentrated in three areas: movements 
from the Northern Plains to New Orleans; from North Dakota to Buffalo, New 
York, via the Great Lakes; and from Idaho to Portland, Oregon, on the Columbia 
and Snake Rivers (Figure 5.12). The bulk of the water movements are on the 
Great Lakes. 
Territorial grain flows Total quantities of grain (feed grains, soy-
beans, and wheat) shipped among the 10 territories are summarized in Table 
5.27. The summary emphasizes the prominence of production in the Corn Belt 
and Northern Plains. The total quantity of grain shipped between regions in 
model I is 140.73 million tons, with 41.84 percent originating in the Corn 
Belt and 31.91 percent originating in the Northern Plains. The concentration 
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Figure 5.12. Thousand tons of wheat shipped by water in model I. 
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mconsuming region hub 
origin d .<D . est1nat1on 
of zero shipments in the lower left and upper right parts of Table 5.27 in-
dicates the tendency of interregional shipments to be between adjacent or 
relatively close territories. The major exception to this is the Corn Belt 
and Northern Plains which send grain to nearly all regions. All territories, 
except the Northeast and Pacific, send grain to the Delta States because 
of the large export demand at New Orleans. 
Flows among territories are generated by differences in quantities 
produced and demanded in each territory. Demands projected to 1980 and 
production that results from model I are given by grain and territory in 
Table 5.28. The production data exclude grain grown outside the 152 produc-
ing regions and the entire demand for seed is included in the demand for 
period 2. A comparison of the production and demand data shows the excess 
supply of grain in the Corn Belt and Northern Plains. 
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Model II: 50-car rail costs 
We now compare results from model II, with its lower rail transport 
costs, with the results of model I. Other variables (export demand, barge 
costs, etc.) are the same in model II as in model I. 
Feed grains 
1. Several changes occur in period 1 (Figure 5.13) but only a few 
occur in period 2 because in the latter more water transportation 
is available from the Corn Belt to the Gulf. 
2. In period 2, five flows that are in model I are removed (one each 
from Iowa and Wisconsin to Illinois, one from Wisconsin to Ohio, 
and one each within Ohio and Louisiana) and one from South Dakota 
to Ohio is added. 
3. Water shipments from Illinois to Houston and Mobile are displaced 
by rail movements from Iowa and Nebraska leaving only three water 
movements to Louisiana, one from Iowa and two from Illinois, for 
a total of 15.9 million tons of feed grains carried by barge. 
Soybeans 
1. The 50-car rail system induces several changes in soybean flows in 
period 1 (Figure 5.14) but again (like feed grains) only a few 
changes occur for period 2. 
2. The movement of soybeans to New Orleans by water declines slightly 
but most of the flows by water are unchanged. 
Wheat 
-----
1. There is no difference in the general pattern of wheat flows in 
model I and model II although several routes are removed and 
replaced by similar flows. 
2. Sometimes routes in model I are removed and are not substituted 
by alternative routes because the quantity supplied from another 
region increases. 
3. The quantity shipped via the Great Lakes declines from 883 
thousand tons in model I to 199 thousand tons in model II resulting 
in very little wheat shipped by water. 
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Figure 5. 13. Change in flows of feed grains in period 1 between model I 
and model II. 
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Figure 5.14. Change in flows of soybeans for period 1 between model I and 
model II. 
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The removal of a route without the replacement by another occurs 
throughout the comparisons. With feed grains and soybeans, the removal of 
a flow in one time period may be replaced by a flow in the other period. 
However, in the case of wheat, which has only one time period, it implies 
that the quantity associated with one of the flows that appears in both 
models increases. The opposite occurs when flows are added to a consuming 
region and none are removed. 
Territorial grain flows 
1. The sum of all interregional grain shipments increases from 140.73 
million tons in model I to 142.036 million tons in model II as a 
result of decreased rail costs. 
2. There is no difference in the general pattern of the territorial 
flows in model II and model I, but the few small and detailed 
differences are related. 
3. Nearly all additional shipments originate in the Northern Plains 
and go to the Southern Plains which receives less from the Corn 
Belt. 
4. The Corn Belt ships less to the Southern Plains and the Northwest 
and more to the Delta States. 
5. The Mountain territory ships more to the Southern Plains and less 
to the Delta States. 
6. The Lake States ship more to the Northeast and less to the Delta 
States. 
A multiple car system such as in model II would no doubt require an 
increase in the assembly costs of gathering the larger volumes for shipment. 
But the savings is equivalent to 56 cents per ton (1.6 cents per bushel if 
all grain were corn) of the grain carried by rail. Such a savings is adequate 
to ship the grain several more miles to an elevator covering a substantial 
1 increase in the assembly costs. Aside from the direct cost savings, multiple 
1 For a case study of the. effects of multiple car shipments on a single 
region see the report by Baumel, et al. [3]. They analyze the problem of 
increased assembly costs and conclude multiple car shipments are optimal for 
their case study. 
135 
car shipments reduce the rail equipment necessary to haul a given quantity 
of grain and provide a means of avoiding additional costs of transporting 
by the non-optional mode when a single-car system would result in rail car 
shortages. These additional savings may be large. For example, the costs 
of rail car shortages in 1969 for 874 grain elevators in Iowawas estimated 
to be nearly $2.4 million [4]. 
Lower rail costs with the 50-car system result in an increase in the 
ton and ton-mile traffic of grain, but these increases would require less 
rail equipment than what would be saved by a faster turn-around time for 
the rail cars. 1 Hence, the effective capacity in terms of annual ton-miles 
of a given number of rail cars would be greater under the multiple car ship-
ping system. 
Model III: 10 percent increase in rail costs 
Model III has a 10 percent greater rail cost as compared to those in 
model I. In other words, a one-car rail system is assumed in both model I 
and model III, but rail costs are 10 percent higher in the latter. All other 
variables are the same for the two models. Hence, the changes indicated for 
model III are in comparison with the results for model I. 2 
Feed grains 
1. Changes in the flows of feed grains under Model III center around 
exports from the Corn Belt. 
2. Water movements from Illinois (period 1) and Iowa (period 2) to 
Corpus Christi displace rail movements from Nebraska. 
1The companion study byBaumel et al., estimates the turn around time 
for 50-car shipments is approximately hal~that for single-car shipments [3]. 
The quantity of grain carried by rail in contrast only increases by 3.7 per-
cent with the use of the 50-car shipments. 
2No figures or tables are presented for model III because the changes 
in model III are similar, although less extensive, than those in model IV and 
they are given for model IV in the next section. 
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3. Several flows from the eastern regions of the Corn Belt to the 
East in period 2 are substituted for longer shipments from the 
western part of the Corn Belt as a result of higher rail costs. 
4. There are a half-dozen changes west of the Corn Belt which also 
indicate a reduction in the number of long-distances shipments. 
5. The changes in model III with higher rail costs are just as 
great in period 2 as in period 1, which contrasts with the 
changes under model II with lower rail costs. 
Soybeans 
1. There are few changes in the flows of soybeans between model I 
and model III; 13 in period 1 and 11 in period 2. 
2. The differences in period 1 are associated with those of period 
2. For example, flows from Wisconsin to Chicago, Indiana to Ohio, 
and Kentucky to Tennessee are added in period 1 and removed in 
period 2 or vice versa. 
3. The increased rail costs with model III expand the movements to 
New Orleans by water including new routes from Kansas, Nebraska, 
and Wisconsin. 
Wheat 
1. Although there are 15 new routes and 16 old routes removed, the 
general pattern of wheat flows varies little from model I to model 
III because many of the additional routes are very similar to routes 
that they removed. 
2. Two exceptions to the substitution of one route by a similar route 
are: (1) two long-distance rail shipments from the Northern Plains 
to Appalachia are removed and two water shipments from North and 
South Dakota to New Orleans are added while shorter wheat flows 
from Kansas and Mississippi to Louisiana are diverted eastward to 
Tennessee and Alabama and, (2) wheat produced in Arizona is re-
directed from Corpu~ Christi, Texas to southern California. 
3. The quantities carried by the Mississippi and Columbia-Snake 
waterways increase substantially, including movements from North 
Dakota and South Dakota to New Orleans. 
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4. There is no change in the quantity carried by the Great Lakes but 
it is separated into two flows, rather than one, from South Dakota 
to Buffalo, New York in model III. 
Territorial grain flows 
1. Total grain shipments of model III are 301 thousand tons below 
those of model I. 
2. The general territorial pattern is similar but few of the non-
zero movements among the territories are unchanged. 
Model IV: 20 percent increase in rail costs 
Model IV has rail costs 20 percent greater than model I, but all other 
variables are the same (e.g., export demand, barge costs, a one-car rail 
system, etc.). Comparisons are of results from model IV with results from 
model I. 
Feed grains 
1. Added or removed flows of feed grains under model IV, like the 
changes for model III, are concentrated in the Corn Belt (Figures 
5.15. and 5.16). Several flows from the Corn Belt and Lake States 
to the east are removed in period 1 and a smaller number of similar 
flows are added in period II. 
2. More feed grains flow by water including shipments from Iowa to 
Knoxville, Tennessee, and Tampa, Florida (Figure 5.17). 
3. A comparison of Figures 5.15, 5.16 and 5.17 shows that many of the 
changes in rail movements are related .to changes in water ship-
ments. 
Soybeans 
1. The changes in the flow of soybeans for model IV are closely 
related to the increase in water shipments and consequently are 
concentrated around New Orleans, (Figure 5.18 and 5.19). 
2. A large number of regions ship soybeans to New Orleans via the 
Ohio, Missouri, Mississippi, and White Rivers (Figure 5.20). 
3. In model IV, as in model III, many of the changes in soybean flows 
in the two time periods are related. 
Figure 5. 15. 
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Figure 5.16. Change in flows of feed grains in period 2 between model I 
and model IV. 
(]) Com:uming 
added __ ..:__ __ <D 
--- !'~~y~~ ----- -<D 
origins . destinations 
139 
Figure 5.17. Thousand tons of feed grains shipped by water in model 
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Figure soybeans for period 2 
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Figure 5.20. Thousand tons of soybeans shipped by water in model IV. 
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Wheat 
1. There are many more differences in wheat flows for the 20 percent 
increase in rail costs, model IV, (Figure 5.21) than for the 10 per-
cent increase in rail costs, model III. 
2. Many, but not all, the changes that occur with the 10 percent in-
crease in rail costs also occur with the 20 percent increase in 
rail costs of model IV. 
3. In model I there are seven wheat flows by water but in model IV 
there are 16 including a flow from Kentucky to Pittsburgh (Figure 
5.22). 
Territorial grain flows 
1. The total tons shipped in model IV is 145 thousand tons less 
than in model I but 156 thousand tons more than in model III with 
the 10 percent increase in rail costs. 
2. Among the major changes are the increased grain shipments from 
the Northern Plains to the Delta States and from the Corn Belt to 
the Southern Plains, and the decreased shipments from the Northern 
Plains to the Southern Plains and from the Lake States to the 
Delta States (compare Tables 5.27 and 5.29). 
3. Changes in territorial flows under model IV are not always an 
extension of those of model III; sometimes the direction of the 
changes between model IV and I is reversed as compared to those 
between models III and I. 
The transportation costs of long distances are increased relatively 
more than short distances because the handling costs are unchanged and 
they comprise a larger percentage of the costs for short distances. 
In addition, trucks can replace short rail hauls any where and water can 
substitute for rail only where water is available. Switching from longer 
to shorter hauls might be reflected by an increase in intraterritorial 
shipments. However, a comparison of Tables 5.27 and 5.29 does not generally 
reflect this. 
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Figure 5. 21. Change in flow of wheat between model I and model IV. 
CD Consuming 
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Figure 5.22. Thousand tons of wheat shipped by water in model rv. 
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Model V: 10 percent increase in barge costs 
Model V has barge rates 10 percent greater than under model I, other-
wise all other variables (single-car rail system, rail costs, export demands, 
etc.) are the same under the two models. Comparisons are of results for 
model V with those for model I. 1 
Feed grc.ins 
1. Changes in the flow of feed grains for both time periods under 
model V are again concentrated around the Corn Belt. 
·2. The differences in the flows for the two time periods are re-
lated but not always of the same sign, i.e., a flow removed in 
one period may be added in the other. 
3. Model V has only four water flows compared to seven for model I, 
however, the large flows from Illinois to Louisiana are maintained. 
Soybeans 
1. Soybean flows of model V change very little from those of model 
I: 
2. 
there are five changes in period 1 and nine changes in period 
2. The changes seemingly are related to the changes in the flow of 
feed grains between model V and model I. 
3. Most soybean shipments by barge for model I remain in the solution 
of model V. 
Interactions occur among the different crops throughout the models. The 
limited number of changes for wheat, feed grains, and soybeans makes these 
interactions more visible for the comparison of model V with model I than for 
the other comparisons. For example, three water movements of feed grains 
from northern Illinois to the Gulf are removed and none are added while 
one shipment of soybeans into the Illinois region is removed in each time 
1Because model VI with the 20 percent increase in barge costs yields 
similar, but more extensive, changes in transportation, figures and tables 
of the changes are only presented for model VI in the next section. 
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period. Local supplies substitute for soybean shipments into northern 
Illinois with the 10 percent increase in barge costs. 
Wheat 
1. There are only eight additional wheat flows in model V that are 
not in model I and only six flows that are in model I and not 
in model VI. 
2. The b~rge movement from Iowa is removed but the quantity involved 
is insignificant. 
3. A water flow originating in Wyoming is replaced by a rail movement. 
4. The cost of shipping on the Great Lakes is the same in model I 
and model V and the wheat movements on it are not effected. 
5. The Columbia-Snake barge movements are unchanged. 
Territorial grain flows 
1. Under model V the Lake States ship less to the Delta States and 
more to the Northeast and Corn Belt than under model I. 
2. The Corn Belt ships less to the Northeast and Southern Plains 
and more to the Delta States. 
3. The Northern Plains ship more to the Southern Plains and less 
to the Corn Belt and Delta States. 
4. Total interregional shipments of all grain declines by 67 thou-
sand tons from the 140.73 million tons of model I. 
Model VI: 20 percent increase in barge costs 
Model VI has barge costs 20 percent higher than model I. All other 
variables are the same. Again, unless otherwise indicated the comparisons 
are of model VI and model I. 
Feed grains 
1. The changes in feed grain movements between model VI and model 
I are an extension of the changes between model I and model V 
(Figures 5.23 and 5.24). Again the flows that change are cen-
tered around the Corn Belt. 
2. Only three water flows are in the solution to model VI (Figure 5.25). 
146 
Figure 5.23. of feed grains in period 1 between model I 
removed 
----------------<D origins destinations 
Figure 5.24. Change in flows of feed grains in period 2 between model I 
and model VI. 
___ :~~~~~~------<D 
oricins destinations 
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Soybeans 
1. The five changes in the flow of soybeans during period 1 are 
identical to those in model V (Figure 5.26). 
2. Changes in flows in period 2 are associated with barge movements 
to New Orleans that are removed (Figure 5.27). 
3. Even with the 20 percent higher barge costs, 13 flows are made 
by water (Figure 5.28). More barge flows are removed in model 
VI than in model v. 
Wheat 
1. Changes in the pattern of flows under model VI are extensions 
of those in model V and the characteristics of higher barge 
costs are more evident (Figure 5.29). 
2. Less wheat is shipped from Kansas to Appalachia and the Southeast 
and more to Kansas City and Houston. 
3. The added flows are generally shorter than those removed. 
4. No wheat is barged from the Northern Plains and Corn Belt to the 
Gulf (Figure 5.30). 
Territorial grain flows 
1. Total interregional grain shipments are 68 thousand tons more in 
model VI than in model I (Table 5.30). 
2. The territorial movements in model VI are similar to those in 
model V, except 500 thousand tons less grain moves within the 
Delta States which is offset by shipments from Appalachia to the 
Delta States. 
Model VII: alternative single-car rail costs 
The rail costs are higher for short to medium distances and lower for 
longer distances. The part of the rail costs dependent on distance is 10 
percent less and that independent of distance is 50 percent more than in 
model I. All other parameters and relationships are the same. Now the 
interregional flows of the two models are compared. 
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Figure 5.25. Thousand tons of feed grains shipped by water 
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Figure 5.27. Change in flows of soybeans for period 2 between model I 
and model VI. 
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Figure ~~28. Thousand tons of soybeans shipped by water in model VI • 
. .............. . 
.,..,. ------- . 
. \ ---··---~ \ [~~~-~---""-- , f "-"'-·-·-·-1 
·-·-·- . i i ;- -L·-·r-·-1 }--·-·;06 
I ! -·r-·-·-L._ 
' ! I !. ___ -· 
\ I . I 
. . , . 
'., t ______ , ! 
.. z r-·-·-Jr=;-· ~ 
·,._1,.. -·-
())Consuming region hub 
origin d . <D . est1.nat1.on 
150 
Figure 5.29. Change in flow of wheat between model I and model VI. 
<D Consuming 
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Figure 5.30. Thousand tons of wheat shipped by water in model VI. 
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Feed grains 
1. In period 1 eight flows are added and eight are removed compared to 
model I. In period 2, eleven are added and nine are removed. 
2. The substitution of transportation modes is more frequent than 
the addition or removal of flows. 
3. There are no changes in barge routes but some of the quantities 
carried are different. 
Soybeans 
1. The few changes between model VII and model I in soybean flows are 
concentrated around producing regions in Iowa and consuming 
regions in Ohio and the New Orleans export demand. 
2. The two flows to New Orleans that are removed and the two that 
are added are all water movements. 
3. Changes in period 1 are related to those in period 2. 
Wheat 
1. Wheat is not shipped on the Great Lakes; Minnesota and North 
Dakota continue shipping to markets surrounding the Great Lakes 
but the pattern is shuffled. 
2. Changes in the wheat flows to the Gulf resemble the changes in 
model VI with its 20 percent increase in barge costs because the 
rail portion of the combined rail-barge hauls is increased in 
model VII. 
3. There are two barge flows on the Columbia-Snake System compared 
to only one in model I. 
Territorial grain flows 
1. Major changes in territorial grain flows are concentrated in the 
Lake States, Corn Belt, and Northern Plains. 
2. The sum of the intraterritorial movements decreases from the 
18.6 million tons of model I to 17.2 million tons in model VII, 
a decrease of 7.75 percent; yet the total shipments (intraterri-
torial and interterritorial) decrease only 29 thousand tons, 
suggesting that longer hauls replace shorter ones. 
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Model VIII: reassignment of 10 percent of the Gulf export demand to Seattle 
Model VIII is the same as model I except that 10 percent of the ex-
ports traditionally exported through ports at the Gulf are exported from 
Seattle. All rail systems and transportation cost coefficients are the same 
in the two models. 1 
Feed grains 
1. There are only a few differences in the flows of feed grains 
but in contrast to the previous models that have been compared, 
there are more changes west of the Corn Belt than within it. 
2. Only one flow to Seattle is added but other changes occur in the 
surrounding regions. 
3. Again, some of the flows added in one period are removed in the 
other. 
4. The changes surrounding New Orleans are associated with Illinois' 
decreased shipment to New Orleans and its added flow to Corpus 
Christi via barge. 
5. More flows that originate in or near Iowa are removed than are 
added. 
Soybeans 
1. The Seattle demand for soybeans in model VIII is satisfied by 
production in North Dakota, South Dakota, and Nebraska. 
2. Flows from Nebraska, South Dakota, Wisconsin, and Iowa to New 
Orleans are removed. 
3. Several of the added flows to New Orleans from the Southeast in 
period 2 are removed in period 1. 
4. The barge flows are reduced as a result of the removal of the 
long hauls to New Orleans. 
Wheat 
1. Wheat from regions in North Dakota and Colorado is shipped west 
across the Rocky Mountains to Seattle in contrast to its 
eastern and southern movements in model I. 
1Model IX is an extension of the change for model VIII. Therefore 
figures and tables which show more detailed results are presented only for 
model IX. 
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2. A large number of wheat flows change but the pattern is simple 
with the origins of the supplies for the East shifting to the east 
and south. 
3. Only one region in Arkansas continues to ship wheat to New Orleans 
via barge. 
Territorial grain flows 
1. Total interregional shipments decline 194 thousand tons from their 
level in model I. 
2. The territorial movements vary more from model I as a result of 
the shift in the location of demand than they do for models II 
through VII with their associated changes in transportation costs. 
3. Less grain flows from the Corn Belt, Lake States, and Northern 
Plains to the Delta States. 
4. Substantially greater quantities move from the Northern Plains to 
the Pacific territory. 
The rail costs of .the Mountain -rail cost territory are higher than the 
costs of the Western rail cost territory. Consequently, the costs of trans-
portation are higher in model VIII than in model I because more grain is 
shipped through the Mountain territory in the former. In addition, low-cost 
water movements are used less when the demand at the Gulf is decreased. 
Model IX: reassignment of 25 percent of the Gulf export demand to Seattle 
In model IX, 25 percent of the export demand located at the Gulf in 
model I is shifted to Seattle. Otherwise the two models are identical. 
Comparisons are of model IX and model I unless otherwise indicated. 
Feed srabts 
1. Changes in the Pacific, Mountain, and Northern Plains territories 
for period 1 (Figure 5.31) are clearly related to those for period 
2 (Figure 5.32). 
2. Changes in feed-grain flows are substantially greater for model 
IX than for model VIII. 
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Figure 5.31. Change in flows of feed grains in period 1 between model I 
and model IX. 
mconsuming region hub 
added 
----"==----m 
removed 
origEis --~-Ciesti~uons 
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3. Feed grains produced in Montana and North Dakota are shipped west 
in model IX and southwest in model I. 
4. The 25 percent reduction in demand at the Gulf ports causes 
several changes in the Corn Belt including the replacement of 
two shipments from Iowa to Alabama by shipments from Illinois. 
5. No feed grains flow from Minnesota to New Orleans by barge 
(Figure 5.33). 
Soybeans 
1. The changes in the flows of soybeans between models IX and I 
are similar but more extensive than those between model VIII 
and model I (Figures 5.34 and 5.35). 
2. Soybean shipments to Seattle originate as far east as Minnesota. 
3. Water shipments to New Orleans from the Northern Plains and 
western ranges of the Corn Belt decline substantially (Figure 5.36). 
Wheat 
1. As a result of the 25 percent shift in the export demand from 
the Gulf to Seattle there are a large number of changes in wheat 
flows. (Figure 5. 3 7) . 
2. Changes in flows in model IX have a similar pattern but are 
more extensive than the changes between model I and VIII. 
3. The water shipments of wheat are the same in model VIII and IX 
(Figure 5. 38). 
The 25 percent shift in exports, especially in the case of wheat, re-
sults in large quantities being exported from ports in the Northwest. Also, 
it must be kept in mind that the aggregation of all wheat into one category 
may result in some unrealistic flows. 
Territorial grain flows 
1. The general pattern of shipments between territories shows the 
preponderance of production is still in the Corn Belt and 
Northern Plains (Table 5.31). 
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Figure 5.33. Thousand tons of feed grains shipped by water in model IX • 
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Figure 5.35. Change in flows of soybeans for period 2 between model I 
and model IX. 
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Figure 5.36. Thousand tons of soybeans shipped by water in model IX. 
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Figure 5.37. Change in flow of wheat between model I and model IX, 
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Figure 5.38. Thousand tons of wheat shipped by water in model IX. 
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2. The Mountain and Northern Plains territories ship much more to the 
Pacific territory. 
3. Shipments from the Lake States to the Delta States are nearly 
eliminated and shipments within the Lake States triple. 
4. The Corn Belt ships less to the Delta States and more to itself, 
the Northeast, and the Southern Plains. 
5. The Corn Belt does not ship any grain to the Pacific even with 
the 25 percent shift in demand. 
6. The total interregional shipments are 84 thousand tons greater 
in model IX than in model I. 
Recent large exports and congestion at the Gulf ports have resulted in 
suggestions that feed grains and soybeans be shipped from the Corn Belt to 
Seattle or Portland for export. If production is permitted to respond to 
the shift in the location of the export demand, this study suggests that 
the Northern Plains, rather than the Corn Belt, would be the least cost 
supply source for the Northwest ports. 
A review of models VIII and IX indicates several flaws that originate 
in or near Iowa are removed while few are added. The increase in the 
Seattle demand corresponding to a decrease in the Gulf demand shifted the 
"continental divide" for grain flows somewhat eastward. The divide for 
each grain is nearly due north and south. Many discussions of increasing 
the export flows from the Northwest seem to imply that the same regions 
will originate grain for both the Gulf and the Northwest. The analysis 
reported here suggests that such stability of origins is not likely. 
Summary of models VIII and IX 
The quantity of exports at three port regions for model I, VIII, 
and IX are given in Table 5.32. In model I, 54 percent of all unmilled 
wheat, 64 percent of all feed grains, and 73 percent of all uncrushed soy-
bean exports are assigned to New Orleans and Houston. No feed-grain or soy-
bean and only 8 percent of all wheat exports are assigned to Seattle. 
Total costs of production and transportation increase by $13 million 
when 10 percent of the exports are reassigned. Similarly, total costs in-
crease by $42 million when 25 percent of the exports are reassigned. 
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Table 5.32. Thousand tons of wheat, feed-grain, and soybean export demands at 
Seattle, New Orleans, and Houston for models I, VIII, and IX. 
Model 
Crop Location I VIII IX 
(single-car) (10% Gulf-Seattle) (25% Gulf-Seattle) 
Wheat Seattle 1,541 2,617 4,232 
New Orleans 1,901 1, 711 1,426 
Houston 8,864 7,978 6,648 
Feed grains Seattle 0 1,774 4,434 
New Orleans 14,822 13,340 11,117 
Houston 2,915 2,623 2,186 
Soybeans Seattle 0 1,606 4,015 
New Orleans 14,740 13,266 11,055 
Houston 1,319 1,187 989 
However, these costs only relate to those within the United States. The 
relative advantage of Seattle as an export point vis-a-vis the Gulf can be 
implied from a comparison of the differences in ocean shipping costs to 
Japan and the differences in grain prices between the port regions for models 
I, VIII, and IX. Under the traditional distribution of exports, model I, 
the price of wheat is lower at Seattle than at the Gulf (Table 5.33). 1 
The feed-grain price is higher at Seattle than at the Gulf ports and soybeans 
traditionally have not been exported through Seattle. The price of wheat is 
lower at the Gulf than at Seattle in models VIII and IX, except for the Hous-
ton price in model VIII. Prices of feed grains and soybeans in models VIII 
and IX at the Gulf ports are lower than at Seattle. However, the prices 
at Seattle may not be sufficiently greater than those at the Gulf to eliminate 
Seattle's potential advantage. 
1 The wheat price must be qualifiedbecause the differant kinds of 
wheat are not distinct within the models. 
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Table 5.33. Wheat, feed- grain, and soybean prices at Seattle, New Orleans, and 
Houston for Models I, VIII, and IX. 
Models 
Crop Location I VIII IX 
(single-car) (10% Gulf-Seattle) (25% Gulf-Seattle) 
(dollars per ton) 
Wheat Seattle 59.25 63. 13 66.00 
New Orleans 63.04 62.62 62.47 
Houston 64.82 64.72 64.89 
Feed grains Seattle 55.00 55.36 57.85 
New Orleans 51.76 51.84 51.13 
Houston 53.73 53.80 53.13 
Soybeans Seattle n.a. 92.70 94.60 
New Orleans 89.39 89.36 89.37 
Houston 86.02 85.85 85.63 
The cost of ocean transportation for ships carrying 30,000 tons was 
reported by Conley to be $10.19 per ton between New Orleans and Japan and 
$6.84 per ton between Seattle and Japan [16]. Conley also reports the cost 
between Seattle and Japan falls to $5.17 per ton, when ships carry 80,000 
f . 1 tons o gra1.n. The costs for the 30,000-ton ships imply grain should move 
through Seattle if its price at Seattle is no more than $3.35 per ton higher 
than its Gulf price. It the 80,000-ton ships are used, the costs imply 
grain should move through Seattle if its price at Seattle is no more than 
$5.02 per ton higher than its Gulf price. 
1These costs are for foreign flag ships. The costs for U.S. flag 
ships are substantially greater and if used would imply more grain should 
be shipped from Seattle than is implied by the costs for foreign flag ships. 
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A detailed comparison of prices in Table 5.33 and the differences in 
the ocean shipping costs suggest that 25 percent of the traditional share 
of wheat exports shipped through the Gulf may shift to Seattle if the wheat 
is destined to move across the Pacific Ocean. Similarly, at least 10 per-
cent of the feed grains exported through the Gulf may shift to Seattle. 
The prices in model IX suggest that a 25 percent shift of feed grains is 
unlikely unless ships larger than 80,000 tons with greater cost efficiencies 
are put into service. Finally, these prices and shipping costs imply that 
even a 10 percent shift of soybean exports away from the Gulf to Seattle may 
be possible because New Orleans is by far the largest Gulf market for soy-
beans. 
Model X: 25 percent increase in grain exports 
Model X allows an examination of transportation patterns when exports 
are 25 percent higher than their level in model I. All transport systems, 
cost coefficients, and distributions of the grains among ports are the same 
in the two models. Comparisons are of the two models. 
Feed grains 
1. Increasing the export demand does not change the number of flows 
to New Orleans in either period 1 (Figure 5.39) or period 2 (Figure 
5.40); rather, the quantities of the original routes increase. 
2. Several flows from the western regions of the Corn Belt to regions 
in the East are removed and are replaced by flows originating 
in the eastern regions of the Corn Belt. 
3. The flow to Houston from Illinois is replaced by one from Nebraska. 
4. A water shipment from Iowa to Mobile is added and those from Iowa 
to Memphis and from Illinois to Houston are eliminated (Figure 5.41). 
Soybeans 
1. Differences in the flows of soybeans are concentrated around 
the ports, especially New Orleans (Figures 5.42 and 5.43). 
2. In period 1, New Orleans obtains its additional supplies from re-
gions in Kansas, Kentucky, Georgia, and South Carolina which 
stop shipping to other regions in period 2. 
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Figure 5.39. Change in flows of feed grains in period 1 between model I 
and model X. 
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Figure 5.40. Change in flows of feed grains in period 2 between model I 
and model X. 
t/ 
..... , e 
...--, 
<D Consuming 
-,~. 
region hub 
added 
---------"<0 
removed m 
orlglns----aesElnations 
166 
Figure 5.41. Thousand tons of feed grains shipped by water in model X. 
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Figure 5.43. Change in flows of soybeans for period 2 between model I 
.. and model X. 
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3. New Orleans obtains its additional required supplies for period 
2 from Iowa, North Dakota, and South Dakota. 
4. Several of the added flows to New Orleans are by water (Figure 5.44). 
Wheat 
1. The 25 percent higher exports generate a new set of flows to 
export regions (Figure 5.45). 
2. Changes in the flows originating in North Dakota in model X are 
similar to those of models VIII and IX. 
3. Several flows originating in the Northern Plains shift away from 
supplying regions in the East to supplying ports of export and 
the eastern regions are supplied from wheat produced in the 
Southeast. 
4. Four new water shipments to New Orleans are added and the ship-
ment from Alabama to Tampa is removed (Figure 5.46). 
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Figure 5.44. Thousand tons of soybeans shipped by water in model X • 
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Figure 5.46. Thousand tons of wheat shipped by water in model X. 
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Territorial grain flows 
1. The increased exports generate more shipments from every territory 
except the Northeast (Table 5.34). 
2. Four territories (the Northern Plains, Appalachian, Southern Plains, 
and Mountain territories) have greater increases in their ship-
ments than the corresponding change in the shipments for the Corn 
Belt because most of the available land in the latter territory is 
already used in model I. 
3. All territories, except the Northeast, Mountain, and Pacific terri-
tories, have greater shipments to the Delta States. 
Grain transportation is closely linked to grain exports. Annual fluc-
tuations in exports result in similar fluctuations in the quantity of grain 
transported because essentially all exports are delivered to ports via the 
transportation system. Exports may be more directly related to rail and 
barge shipments than to truck shipments because the bulk of them are trans-
ported substantial distances. But overall, exports may be just as important 
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to trucking because trucks deliver most of the barged grain to water access 
points and substitute for rail cars in short supply, especially for shorter 
distances, when large quantities of grain are being exported. 
Grain exports are compared to total rail and internal water shipments 
in Table 5.35. For each 100-ton increase in exports, rail and water ship-
ments increase 46 tons between 1971 and 1972 and 80 tons between model I 
and model X. The ratio of the increase in rail and water shipments to ex-
ports may be greater for the models than it was in 1971-72 because the models 
exclude intraregional shipments and have no constraints on the availability 
of rail and water transportation services. 
Table 5.35. Grain exports and total rail and internal water shipments in 
1971, 1972, and models I and X for 1980. 
Year (model) Grain exported Grain transported by 
rail and water 
(million tons) 
1971 53 122 
1972 88 138 
1980 (model I) 81 147 
1980 (model X) 101 163 
Intraregional Grain Shipments 
Interregional flows reported from the solutions of the 10 optimiza-
tion models exclude those shipments of grain whenever any area of the region 
where the grain is produced lies within the consuming region where it is 
utilized. But the intraregional flows that are excluded are important from 
the standpoint of the total grain transportation needs, especially for trucks 
and railroads. A difference between grain sold from farms where grown and 
interregional grain shipments provides an estimate of intraregional grain 
shipments. Among models I through IX, actual tons transported interregion-
ally ranges from 140.4 million tons in model II to 141.1 million tons in 
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model III which is 43 percent of all grain production. 1 The quantity of 
grain transported interregionally is 140.7 million tons in model I and 153.7 
million tons (44 percent of production) in model X. It is estimated that 
farm sales would be 72 percent of production in the first nine models and 
73 percent of production in model X. Consequently it is implied that in-
traregional grain shipments would be equal to 29 percent of all grain pro-
duction or 96 million tons in models I through IX and 102 million tons 
in model X. 
The very small variation in interregional flows among models I through 
IX shows that the changes in transportation costs and demands among the 10 
models has practically no impact on the tons of grain shipped beyond the 
local area. Exports in model X are 20.3 million tons greater than in model 
I but interregional flows in model X are only 12.9 million tons greater than 
in model I. Interregional flows do not increase as much as exports because 
a larger share of domestic demands are satisfied by local supplies when ex-
ports are increased. 
Trends in Interregional Grain Transportation 
Rail 
It is misleading to directly compare the tons of grain actually hauled 
by rail in recent years with those hauled in the models. A direct comparison 
indicates that, unless exports approach the astonishing levels of 1973, 
no more rail transportation services will be required in 1980 than were 
provided in 1973 (Table 5.36). This comparison, however, is imperfect. 
First, data in the models for 1980 are based on the 1972 transportation 
cost structure and not transportation rates. Second, compared to the tons 
transported in 1972 and 1973, the data for the models are significantly 
biased downward because the models include no intraregional grain shipments. 
Third, all shipments in the models are flows directly from the origin to 
1 These are the actual quantities of grain not the sum of the tons 
carried by rail, water, and truck. That is, the quantity hauled by more 
than one mode is included only once. 
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Table 5.36. Summary of grain traffic by rail and grain exports in 1972, 
1973, and models I and X for 1980. 
Grain transEorted b~ rail Grain exEorts 
million billion million 
tons ton-miles tons 
1972 105 46b 74 
1973a 131 57b 109 
1980 
(model I) 117 87 81 
(model X) 128 91 101 
a Assumes the tons hauled per carload is the same in 1973 as in 1972. 
The number of carloads is from the 1974 Yearbook of Railroad Facts [34]. 
bEstimated by multiplying the number of tons by the average haul per 
ton for grain as reported in the 1972 Carload Wa~bill Statistics [35]. 
destination without any unloading and reloading of rail cars enroute. 
Fourth, the models do not include rye, rice, and other minor grains which 
comrpised 1.4 percent of all tons shipped by rail in 1971 and 1972 [7]. 
Finally, the models minimize transportation and production costs which may 
result in slightly less grain traffic than occurs because of the daily fluc-
tuations, imperfect coordination, and other real world frictions among markets. 
The quantity of grain that is unloaded from and later reloaded into 
rail cars is not known. Multiple rail shipments of the same grain may result 
from transit rail rates or simply grain flows through intermediate markets. 
Grain traffic measured in ton-miles is not biased by multiple shipments of 
the same grain but it is fraught with other difficulties. Table 5.36 shows 
that the number of ton-miles, compared to tons, is much greater for the 
models than for 1972 and 1973. The greater number of ton-miles results from 
a longer average haul per ton (Table 5.37). It is expected that the average 
length of haul would be longer for the models than they were historically 
because the models exclude intraregional shipments and multiple shipments 
of the same grain. If 14 percent of the soybeans shipped interregionally 
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in model I by rail are unloaded and reloaded once enroute and if 23 percent 
of the soybeans shipped intraregionally are hauled by rail for an average 
distance of 100 miles, then the average length of haul would be 290 miles, 
the same as in 1972. There is nothing special about the combination of the 
14 percent multiple shipments and the 23 percent intraregional shipments. 
They are one set of many which result in an average 29G-mile haul and, short 
of other data, they seem plausible. These percentages may not be accurate 
and the average length of haul may increase as it did between 1966 and 1972. 
The increase in tons hauled is largely a result of greater production 
(Table 5.38). 
Table 5.37. Average number of miles per ton of grain transported by rail in 
1966, 1972, and models I and X for 1980. 
1966a 1972b model I 
Grain 429 435 745 
Feed grains 419 433 865 
Soybeans 173 290 398 
Wheat 453 447 667 
aData are from Carload Waybill Statistics, 1966 [10]. 
bData are from Carload Waybill Statistics, 1972 [35]. 
model X 
708 
821 
432 
662 
Table 5.38. Thousand tons of grain shipped by rail and produced in 1972 and 
in model I. 
Rail Shipments Production 
1972a model I 1972 model I 
Feed grains 48,862 69,656 196,692b 229,350a 
Soybeans 10,596 17,351 
Wheat 44,776 29,734 
aData are from Freight Commodity Statistics [7]. 
b Corn equivalent units. 
38,119 53,960 
46,348 46,321 
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If the average length of haul for wheat were as short in model I as 
it was in 1972, then 35 percent of the interregional wheat shipments would 
have to be unloaded and reloaded once enroute and 60 percent of intraregional 
shipments would have to be by rail for a distance of 100 miles. Again, this 
pair of percentages for multiple shipments of the same grain and intrare-
gional shipments by rail are not unique and are only illustrative. But 
they seem larger than expected although it is difficult to know what to ex-
pect without more historical data. Wheat production in 1972 and in model 
I are nearly identical but substantially more grain was carried by rail in 
1972 than is projected for model I. However, exports in 1972 were large 
and in 1971 only 35 million tons were carried by rail [7]. A partial ex-
planation of the longer hauls for wheat in model I may be the aggregation of 
all wheat into one class in the models. 
Feed grains are hauled a substantially longer distance by rail in 
the models than they were historically. Again part of the difference may 
be explained by the exclusion of intraregional shipments and multiple ship-
ments of the same grain but is seems improbable that these factors explain 
most of the difference. In the models, feed grains are shipped to the region 
of livestock production if they are utilized as livestock feed. If they 
would have been transported to feed manufacturers, at least part of them, 
the length of haul in the models may have been shorter. But ultimately it 
seems that the minimization of production and transportation costs in the 
models results in longer average rail hauls than have occurred in the past. 
The quantity of feed grains sold from farms was 118 million tons in 1972 and 
is projected to be 142 million tons in model I. This projected increase in 
sales largely explains the greater tonnage carried by rail in model I com-
pared to 1972. 1 
In model I 43 percent (44 percent in model X) of all grain produced 
is transported from one region to another. Assuming 72 percent of grain pro-
duction in model I (73 percent in model X) is sold from farms, then 29 per-
cent of all grain production (96 million tons) is shipped intraregionally. 
Most intraregional flows would be transported by truck because of the short 
distances, but even if only 10 percent are by rail that would increase rail 
shipments by approximately 10 million tons. 
1Feed grain shipments by water were 18.46 million tons in 1972 and 
19.32 million tons in model I so the difference in tons between model I 
and 1972 is not a result of a reduction in water shipments. The 1972 data 
are from Waterborne Commerce of the United States [2J. 
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Given the rail shortages in 1972 and 1973; the exclusion of intrare-
gional shipments, multiple shipments of the same grain, and minor grains 
from the models; and the absence of market frictions and imperfections in 
the models; it seems likely that the tons actually hauled by rail in 1980 
would be at least 20 percent greater than the interregional shipments of 
the models. Thus to the extent that the results can be used to project the 
demand for grain shipments by rail it can be concluded that the capacity, 
of railroads will need to be even greater than it was in 1973. If exports 
are as large as in model X, as many as 154 million tons, 17 percent more than 
in 1973, could be carried by rail. The needed capacity of railroads in 
terms of ton-miles is likely to grow even more rapidly then the needed 
capacity as measured in tons. But the ton-miles projected by the models 
may be larger than will occur because of the long length of haul for feed 
grains that results from the models. 
In 1972 and 1973 the declining trend in the ratio of grain transport-
ed by rail to farm sales was reversed. But such a reversal is temporary 
if it is merely the result of large quantities of grain being taken from 
storage and transported. Three factors may tend to reverse the trend with 
more permanence, however. First, if the increase in the cost of energy 
from 1972 to 1974 compared to other inputs into transportation is permanent 
railroads are likely to become more competitive on a cost basis vis-a-vis 
trucks and barges because fuel comprises a smaller share of total rail 
1 
costs. Second, the structure of rail movements may partially switch to 
multiple-car units vs. single car shipments of the past. This not only 
permits rail shipments at lower cost but also effectively increases the 
capacity of railroads to transport grain. Finally, the construction of larger 
1see Section VI. 
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ships, an increased export demand for grain by countries lying across the 
Pacific Ocean, multiple-car rail shipments, and construction of more grain 
elevators and ocean terminals on the Northwest Coast suggests that a larger 
share of exports may be shipped via northwestern ports. Access to the 
northwestern ports from major grain producing regions would be accomplished 
largely through shipments via rail. Consequently, the railroads are like-
ly to gain more traffic if more grain is exported from the Pacific Coast. 
Water 
The domestic shipments of grain by water in 1961 were 13.8 million 
tons and 12.5 billion ton-miles. By 1971 it had grown to 27.6 million tons 
and 28.5 billion ton-miles. With the optimization of model I, water traffic 
is 30.3 million tons and 36.4 billion ton-miles (Table 5.39). The average 
distance grain moved by water in 1972 was 1,085 miles and in model I it is 
1,203 miles. In model I compared to 1972 less grain is transported by water 
but it is hauled a longer distance. Seven million more tons of grain are 
projected to be exported in model I than were exported in 1972. In model 
X with a high level of exports, water traffic is 35.4 million tons and 43.2 
billion ton-miles. More wheat was transported by water in 1972 than occurs 
in model I but again this is partially a result of large wheat exports in 
1972. 1 
The water movements of model I are more comparable to reality than 
the rail movements because grain seldom moves short distances by water, i.e., 
intraregionally with respect to model I. Under the assumptions of model I 
it can be concluded that grain shipments by water will increase less rapidly 
than they have in the past and may even stabilize if the high level of exports 
is not maintained. 
Truck 
Simply, there are no comprehensive statistics on past movements of 
1rn 1971 when exports were lower wheat traffic by water was 4.45 
million tons and 3,538 million ton-miles [2]. 
178 
Table 5.39. Grain traffic on internal waterways in 1972 and model I for 1980. 
Grain 
Feed grains 
Soybeans 
Wheat 
Model I 
Grain 
Feed grains 
Soybeans 
Wheat 
Million 
tons 
32.56 
17.49 
8.88 
6. 19 
30.28 
19.32 
9.38 
1.58 
Million 
ton-miles 
35,355 
21,720 
8,694 
4,939 
36,437 
25,201 
9,820 
1,416 
Average haul 
(miles per ton) 
1,085 
1,241 
979 
797 
1,203 
1,304 
1,046 
899 
[ 2]. 
ainternal traffic reported in Waterborne Commerce of the United States 
grain by trucks. Consequently, few conclusions concerning truck shipments 
with respect to the past can be drawn. In model I, 6.98 million tons of 
grain with an average distance of 29 miles are hauled by truck. All truck 
movements are in combination with water, i.e., no grain is carried interre-
gionally by truck alone. In reality, substantial quantities of grain are 
carried from one region to another by truck. The conclusion is reached that 
trucks haul longer distances because grain is hauled below cost such as for 
a backhaul cargo, or trucks are available with a degree of timeliness which 
other modes cannot provide. 
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VI. GRAIN TRANSPORTATION AND THE LEVEL OF FUEL PRICES 
Transportation costs incorporated in this study are based on 1972 
price levels. For a whole host of reasons, including shortages of a wide 
variety of products, prices have risen sharply since 1972. Among the pro-
ducts that have exhibited the most severe shortages and greatest price in-
creases are grain and fuel--two products that are directly related in this 
study. Trucks, railroad locomotives, towboats for barges, and ships are 
used to transport grain and all burn petroleum fuels for power. In this 
section the share of total shipping costs that are attributable to fuel 
costs are computed to show the significance of substantially higher fuel 
prices. Impacts of higher fuel prices on the grain industry can be implied 
from a naive comparison of increases in grain shipping costs that result 
from higher fuel prices with the differences in transportation costs among 
the 10 models in this study. 
Fuel Costs for Grain Transportation 
Locomotives, towboats, and most large trucks are powered by diesel 
fuel. The price of diesel fuel purchased in bulk for locomotives and tow-
boats was about 11 cents a gallon in 1972 and increased to an average of 
nearly 31 cents a gallon by July, 1974. Diesel fuel, including taxes, for 
trucks purchased in smaller quantities from service stations was approxi-
mately 27 cents a gallon in 1972 and its price increased to nearly 47 cents 
by July, 1974. 1 During the two years from 1972 to 1974 the price of diesel 
fuel for transportation has increa~ed approximately 20 cents per gallon. 
This increase is a 74 percent increase in fuel costs for trucks and a 182 
percent increase in fuel costs for railroads and barges. The diesel fuel 
price is less for railroads and barges than for trucks because the former 
purchase fuel in large quantities and free of road taxes. For large truck 
1The prices are representative of the Midwest but are not based on sta-
tistical averages. There seems to be a wider range of prices among fuel 
suppliers after, than before, there were price increases. 
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operations, the price may be somewhat lower if part of the fuel is pur-
chased in bulk. 
The fuel price increase is not very meaningful unless it is put in 
perspective by determining its effect on total transportation costs. Fuel 
and transportation costs for select grain transportation shipments that re-
sult from the 1972 and the higher 1974 representative diesel fuel prices 
are shown in Table 6.1. The illustrative data shows that fuel is a greater 
percentage of total costs for longer than for shorter distances. At both 
lower and higher fuel prices the percentage of total costs comprised of 
fuel is the greatest for trucks and the least for rail. However, because 
the percentage increase in the fuel price is greater for barges than for 
trucks, the percentage increase in total transportation costs is the largest 
for the barge shipment (18.4 percent), the next largest for trucks (17.5 
percent for the 1000-mile distance and 15.5 percent for the 100-mile dis-
tance), and the least for the rail shipments (9.9 percent for the 1000-
mile distance and 4.4 percent for the 100-mile distance). 
The appropriate interpretation of the data in Table 6.1 requires an 
understanding of the assumptions and background on which the table is based. 
The analysis of fuel costs is illustrated with examples of particular ship-
ments for the following reasons: (1) Fuel comprises more or less of the 
total transportation cost depending on the route, distance, transportation 
mode, and other circumstances surrounding the shipment, (2) It is difficult 
to determine what constitutes an average shipment and cost data for such 
shipments are not readily available, and (3) Cost data for specific ship-
ments may be more meaningful because the particular assumptions and back-
ground information on which the data are based can be identified. Data 
in Table 6.1 for the low fuel price are based on cost estimation procedures 
identical to those in model I as described in section II. Rail costs are 
for the Western Territory (Figure 3.4 and Table 3.3) truck costs are for 
the Midwest (Figure 3.6), and barge costs are for shipping grain from 
LaSalle, Illinois, to New Orleans, Louisiana (Figure 3.5). All the data 
are based on hauling heavy grains such as corn, sorghum, soybeans, and wheat. 
Methods of estimating transportation costs in Section III specify the 
price (27 cents per gallon) and consumption (one gallon per four miles) 
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Table 6.1. Effect and significance of increased fuel prices on select heavy 
grain transportation costs. 
Total fuel 
cost 
Total shipping 
cost 
Fuel as a percent 
of total cost 
high fuel low fuel low fuel high fuel low fuel 
priceb priceC price price price 
Truck a 
(24 tons, 100 miles) 10.80 18.80 51.53 59.53 20.96 
Rail 
(97.5 tons 100 miles) 4.29 12.09 178.57 186.37 2.40 
Truck 
(24 tons, 1000 miles) 108.00 188.00 456.82 536.82 23.64 
Rail 
(97.5 tons, 1000 miles) 42.9 120.90 786.34 864.34 5.46 
Barge 
(1400 tons, 1302 miles) 519.84 1465.01 5147.76 6092.93 10.10 
aDistances are one-way, but costs are for round trips. 
bThe low fuel price is 27 cents a gallon for trucks and 11 cents a 
gallon for rail and barge. 
high fuel 
price 
31.58 
6.49 
35.02 
13.99 
24.04 
cThe high fuel price is 47 cents a gallon for trucks and is 31 cents a 
gallon for rail and barge. 
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of fuel for trucks but not for locomotives and towboats. It is assumed that 
diesel fuel purchased in bulk for locomotives was 11 cents a gallon in 1972 
and that railroads haul one ton 250 miles per gallon of diesel fuel, i.e., 
they provide 250 ton-miles of freight service per gallon of fuel. Diesel 
fuel for towboats in 1972 is also assumed to be 11 cents a gallon. Con-
sumption of fuel by towboats is assumed to be 2,800 gallons per day for a 
3,200-horsepower boat on the locking rivers above St. Louis and 7,500 gal-
lons per day for a 7,500-horsepower boat on the Mississippi River below St. 
Louis. It is assumed 125 gallons of additional fuel are used for switching 
per barge per round trip from LaSalle to New Orleans. High fuel prices for 
all modes of transportation are 20 cents per gallon higher than the low fuel 
prices of 1972. 
Assumptions underlying the data in Table 6.1 provide a comparison of 
fuel consumption required to move one ton for a distance of one mile. Trucks 
have the highest rate of consumption of .0167 gallons per ton-mile. Rail 
ranks second with a consumption of .004 gallons per ton-mile, and barges 
require only .0026 gallons per ton-mile. Assuming grain could be hauled 
by each individual mode for a given route, it would require 6.4 times as 
much fuel to haul it by truck as by barge, 1.5 times as much to haul it by 
rail as by barge, and 4.2 times as much to haul it by truck as by rail. It 
requires less fuel to move grain by barge than by truck or rail but not all 
grain flows follow navigable rivers and barge routes. The major disad-
vantages of barging, other than unavailability at many locations, are the 
length of time required to complete a shipment and the large volume of grain 
required to constitute a bargeload. 
Implications of Higher Fuel Prices 
Fuel is not the only input into grain transportation services whose 
price has risen, but the percentage increase in its price has certainly 
been greater than for other major inputs since 1972. Data in Table 6.1 show 
that higher fuel prices increase truck and barge transportation costs 15-18 
percent and rail costs 4-10 percent, depending on the distance of the trip. 
None of the 10 models contain cost increases for all transportation modes 
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but some imperfect comparisons can be made between the models and greater 
transportation costs that result from higher fuel prices. 
If all production and transportation costs in any one of the 10 models 
were increased by the same percentage the solution to the model would be 
unchanged except for increases in costs, prices and implied rents. The 
location of production and grain flows would not change. One of the limits 
of interpreting the effects of higher fuel prices with the use of the models 
is that fuel is used in production as well as for transportation and pro-
duction costs are held constant throughout all the models. If transpor-
tation costs are increased while production costs are maintained con-
stant, there would be a tendency for production to be relocated nearer con-
suming centers and land rents close to consuming centers would tend to rise 
while those farther away would tend to decline. Similar types of changes 
would occur if both production and transportation costs were increased and 
the percentage increase in transportation costs was greater than the percen-
tage increase in production costs. If the percentage increase was greater 
for production than for transportation costs, the effects would be reversed. 
The portion of production costs comprised of fuel varies depending on loca-
tion, crop, and farming practices. Crop budgets for grains show that fuel 
ranges from approximately 10 to 20 percent of variable production costs 
prior to the recent increases in fuel prices [29]. Consequently, higher 
fuel prices may have had as great or greater impact on production as on 
transportation. 
Recognizing the comparisons are far from perfect, fuel price increases 
since 1972 have the following similarities with the 10 models: (1) Barge 
and truck costs increase approximately 10 percent more than rail costs in-
crease which is similar to the 10 percent increase in barge costs of model V, 
and somewhat similar to the lower 50-car rail costs of model II; (2) 
The greater increase in truck compared to rail transportation costs for 
short distances as a result of higher fuel prices is similar to the lower 
rail costs with 50-car shipments in model II and opposite the increases in 
rail costs for short distances in model VII; 1 (3) The greater increases in 
1 The similarity with model II exists because in model II the percen-
tage decrease is substantially greater for short than for long rail hauls. 
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rail and truck costs for long distances compared to short distances is oppo-
site the increase in rail costs for short distances and the decrease in rail 
costs for long distances in model VII; and (4) If the percentage increase 
in costs as a result of higher fuel prices is greater for transportation 
than for production, the effects may have some similarities with the 10 
percent increase in rail costs, model III, because more than 75 percent of 
all grain shipped interregionally is carried by rail in model I. Of course 
fuel price increases actually increase transportation costs but because of 
relative changes among the transportation modes, the characteristics of the 
effects on grain flows of such increases may be similar to results of 
models which actually have cost decreases for one or more modes. 
If fuel price increases from 1972 to 1974 induced results similar to 
the 10 percent greater barge costs of model V, then the following changes in 
the quantity of grain hauled by mode would occur: (1) A 3.3 percent in-
crease for rail; (2) A 13.0 percent decrease for barges; and (3) A 
57.1 percent decrease for trucks (Figure 5.2). Similarly lower rail costs 
in model II have the following impacts on the quantity of grain carried 
by mode: (1) A 3.7 percent increase for rail; (2) A 19.5 percent decrease 
for barges; and (3) A 60 percent decrease for trucks (Figure 5.2). These 
results suggest that recent fuel price increases may reduce barge and truck 
interregional grain traffic 8-10 million tons and increase rail traffic 
3.8-4.3 million tons. Rail traffic increases less than half as much as the 
decline in barge and truck traffic largely because the grain no longer 
carried by barge, was originally carried by truck in shipments made by a 
combination of barge and truck. In model VII four million tons carried 
short distances by rail in model I are hauled by .truck alone. The effects 
of higher fuel prices on short distances would tend to create impacts 
opposite those in model VII. The quantity shipped interregionally by 
truck could not be reduced from the level in model I, however, because no 
grain is carried solely by truck in that model. Consequently, the im-
plication is that some intraregional shipments, which are not included in 
the 10 models but may be for longer distances than the shorter interregional 
routes, would switch from truck to rail. 
The direction of the change in total quantity of grain shipped inter-
regionally as a result of higher energy prices cannot be implied from the 
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models because they do not contain any changes in production costs. But the 
models suggest that the magnitude of the change would be comparatively 
small because the changes in models II, III, V, and VII are small (the 
largest change, model II, is less than one percent) and the incorporation 
of production effects would not intensify the changes if the effects on 
production are approximately geographically uniform, which seems likely. 
In Part III it was argued that the location of grain production is not sig-
nificantly affected by transportation cost changes in models II, III, V, 
and VII. Consequently, it seems reasonable to conclude that higher fuel 
costs will not significantly disturb the traditional location pattern for 
grain production. 
In summary, higher fuel prices will probably produce the greatest 
impacts on the choice of transportation mode. Railroads are likely to have 
increased grain traffic because higher fuel prices induce greater percentage 
increases in total transportation costs for both barges and trucks than for 
rail. This means that both some grain hauled long distances by barge and 
some hauled short distances by truck will switch to shipments by rail. 
The models imply that changes in the location of production and the quan-
tity of grain transported interregionally is not likely to change appreciably 
because of recent changes in energy costs. The general pattern of interre-
gional flows is not likely to be greatly reshuffled but at the same time 
particular producing and consuming regions may experience substantial changes 
in the locations where their grain is utilized or where it originates. 
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VII. POLICY IMPLICATIONS 
Adoption of an extensive multiple-car rail system, increases in fuel 
costs, higher rail rates to strengthen the financial position of railroads, 
and the implementation of fees for recouping the capital investments in 
inland waterways are among the innovations which could produce similar effects 
as those produced by the models utilized in this study. One of the most 
difficult problems for the transportation industry will be the fluctuations 
in grain exports. The optimal mix of transportation modes will depend on 
both changes in the national level of exports and their distribution among 
port regions. 
Exports and Transportation 
One clear implication is that the level of exports has a major affect 
on the transportation services required if production and transportation 
costs are minimized. In fact, no single facet of grain supply and demand 
needs closer coordination with transportation. 
Wide fluctuations in exports complicate the relationship between 
exports and transportation needs. It would be economically inefficient to 
maintain a transportation system capable of handling peak levels of demand 
if those demands occur infrequently. A system solely based on peak demands 
would idle a large share of transportation capacity under normal conditions. 
The expected market reaction when an excess demand for transportation arises 
is an increase in the price or rates of services. That usually happens 
for barge and truck rates, but rail rates are economically regulated and 
cannot readily respond to excess demand or supply situations. A partially 
regulated system under circumstances of a steady market may be effective 
because regulations need not respond quickly to changed conditions. But 
the transportation market is frequently destabilized by variations in exports. 
The most efficient mix of transportation modes cannot be selected under all 
three market conditions (equilibrium, excess demand, and excess supply) 
when some modes are, and others are not, economically regulated. 
Fluctuations in exports will probably continue to be larger than in 
the past because of the opening of trade with the Union of Societ Socialist 
Republics and the People's Republic of China. Increasing per capita incomes 
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in other regions of the world also may contribute to fluctuating markets. 
Thus it would seem desirable to investigate alternative transportation poli-
cies which would permit a more flexible response to changing market condi-
tions. Deregulation of railroads, regulation of barges and trucks, and more 
flexible regulatory policies (such as the well-established methods of peak-
load pricing employed by utilities) are among policies that could be consi-
dered. Seasonality of grain production and marketing causes problems simi-
lar to those of export fluctuations but its effects are more regular and have 
usually been less severe. 
It may be more important for the decision makers of grain export 
policies than those of transportation policies to recognize the limits 
on rapid expandibility and flexibility of the transportation industry. 
Variations in grain exports may be substantially greater than variations 
in production or domestic utilization because of changes in inventories. 
Substantially larger quantities of grain will probably be exported 
from northwestern ports if the Asian demand for U.S. grain continues to 
increase and larger ships are utilized. Part of these exports are likely 
to displace exports presently moving through Gulf ports. 1 This shift 
implies a future need for the redistribution of port capacities, especially 
for increasing capacities in the Seattle and Portland regions. Railroads 
that deliver grain to the northwestern ports will need to provide sub-
stantially more services than they have in the past if the shift occurs. 
Consideration should be given to using multiple-car shipments for these 
flows because the need will be for hauling large volumes for long distances. 
A review of the policies that determine the competition between railroads 
and barges should accompany any major relocation of the demand for exports 
among port regions. The effects of a shift will .be different for each 
railroad. It may be necessary to introduce policies recognizing the dif-
ferential effects among railroads in order to implement what in balance may 
be a desirable reassignment of exports among port regions.· 
Multiple-car Rail Shipments 
The results show that multiple-car shipments have the potential 
of reducing total transportation costs for regions where the volume of 
1This shift from the Gulf to northwestern ports may be limited if 
grain shipped from the Gulf is used as a backhaul. 
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grain to be shipped is large. The expansion of a multiple-car system will 
have differential effects among regions because not all of the regions have 
sufficient marketings to support such a system. The recipients of large 
volume shipments are likely to be concentrated among the export ports and 
a few large centers of domestic demands. 
Multiple-car shipments should be considered for all routes and not 
just for those that compete with barges. The demand for barges is not 
likely to grow as rapidly as the demand for rail. If railroad equipment 
shortages occur, the available equipment should be used where it would be 
most economical; that is unlikely to happen where there is great competi-
tion with barges. For example, grain transportation would be inefficient 
if grain produced near the Illinois Waterway is hauled in unit trains to 
New Orleans when simultaneously grain is hauled from central Iowa by truck 
to the Mississippi River and barged to New Orleans. Overall efficiency 
would be improved if the Iowa grain were shipped in unit trains and the Ill-
nois grain were barged. 
Increased usage of multiple-car shipments will require a reorganiza-
tion of the assembly of grain for rail shipments. Fewer and larger grain 
elevators with facilities for rapidly loading 50 or more cars will be re-
quired. More investments in local roads (highways) will be needed to 
facilitate getting the grain to the elevators. Such a system has impor-
tant implications for small rural towns. Some towns will gain and others 
will lose depending on the distribution of the cost savings of multiple-
car units. The gains and losses will occur as changes in income and employ-
ment. 
Expansion of Rail Services 
On a least-cost basis there will be a greater demand for rail ser-
vices in 1980 unless grain exports decline significantly. Part of the addi-
tional rail capacity needed may stem from an increased use of multiple-car 
shipments. The additional needs for rail capacity implied by the models 
are based on transportation costs and not the timeliness and reliability 
of services. Economical grain transportation is dependent on a viable rail 
system that can service all regions of the country. 
Trucks are not competitive with rail for distances greater than 
approximately 100 miles given the transportation costs in this study. 
Trucks are also less efficient in fuel use. In reality, however, trucks 
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do haul substantial quantities of grain farther than 100 miles. Part of 
the justification for trucks making the longer hauls may be because of more 
timely and responsive service. 
Existing railroad regulations should be studied and those that prevent 
or reduce the ability of railroads to operate efficiently and reliably could 
be eliminated. Those rail regulations established prior to the "coming 
of age" of barges and trucks may limit the responsiveness of railroads to 
current and future situations. Policies such as river improvements and 
better highways which have encouraged water and truck traffic may be in-
consistent with older regulations aimed at controlling railroad monopolies. 
Regulations designed to ensure a town or locality of a choice of modes 
and services at a fixed charge may be costly if they prevent an effective 
national transportation system. Policies enacted to maintain branch rail 
lines to small towns need to be designed so that they do not interfere 
with the overall economic health of the railroads. There is no point in 
having a branch line if the rest of the rail system is ineffective. 
Rail and Barge Competition 
Barges are especially competitive for moving grain from the producing 
regions near the upper Mississippi River system to the Gulf. The competi-
tiveness of barges depends on the low cost of assembling grain at barging 
facilities. In contrast to rail, truck costs per mile decline little for 
longer hauls. The results of the models show that rail should haul a sub-
stantial fraction of the grain to rivers for barging. Railroads, however, 
may not find it in their own interests to haul grain only to the barges if 
they can capture the entire shipment. Special policies would likely be 
required to induce as many rail-barge shipments as would result from a 
least cost optimization system. 
Total transportation costs are more sensitive to rail than to barge 
cost increases. Total barge costs decrease when barge costs are increased. 
In contrast, total rail costs increase for an equal percentage rail cost 
increase. These results indicate that rail more readily substitutes for 
barges than vice versa. Policy makers should be aware of this relationship 
when designing policies to regulate competition between railroads and barges. 
It is sometimes argued that barges are subsidized because they pay 
nothing directly for the publicly funded improvements in the waterways. 
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In this study no attempt has been made to estimate what part of those improve-
ments should be ascribed to commercial river traffic or to estimate the 
increase in barge costs required to fund those improvements. But the analy-
sis shows how grain movements would change under a least-cost optimization 
system if barge costs were increased 10 or 20 percent to finance the im-
provements. For example, a 10 percent increase in barge costs in terms of 
a user fee induces only a 0.9 percent increase in total interregional trans-
portation costs. But total barge costs, including the 10 percent user fee, 
decrease 13 percent. The total charges for barging exclusive of the user 
fee decrease 21.7 percent. In reality barging rates are not, however, 
based solely on costs and barge operators may be able to shift a substan-
tial part of the user fee onto shippers. 
Loading and Unloading Costs 
The cost of loading and unloading encountered by grain elevators com-
prises approximately 20 percent of all transportation costs. The models 
tend to minimize handling costs because they are included only when it is 
necessary to unload and reload grain to change transportation modes. Mar-
keting analyses and policies should not ignore these handling costs. 
Storage facilities may be most economically located if they are either at 
assembly points in producing areas or at final destinations. Decisions 
concerning the location of market centers and storage facilities should in-
clude handling costs. 
Implications for Production 
Moderate changes in transportation costs and the location of demands 
are important even though they do not significantly affect the location of 
production. Indeed, a comparison of grain prices in models I-IX shows that 
changes in these factors are important to the total value of grain sales. 
The differences in these models result in as much as a four-cent per bushel 
increase in the national average price at consuming regions. Actual prices 
would in reality increase substantially more because the results exclude the 
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cost of intraregional shipments. Grain prices also usually increase at 
country elevators because of a tendency to increase production in higher 
cost regions when transportation costs increase. 
The national averages are not the entire story for individual sellers 
and buyers. Variations among the regions is probably more important for 
individual traders. The models in this study show that regional prices 
and returns to resources (rents) absorb most of the effects of changes in 
the structure of transportation costs and shifts in the location of export 
demands. These price and rent changes are associated with substantial changes 
in the patterns of grain flows and with few changes in the location of 
production. Consideration of moderate changes similar to the differences 
between models I-IX should concentrate on regional prices and income distri-
bution, and interregional grain flaws. 
Suggestions for Further Research 
This study analyzes the least cost configurations of grain transpor-
tation and production based on alternative transportation cost structures 
and grain demands for 1980. The study has limitations that could be more 
thoroughly investigated and the results of the study suggests areas of 
potentially fruitful additional research. 
The emphasis of this study rests with national and interregional im-
plications; leaving the local and intraregional analyses for other studies. 
But on this very point, the results of this study shaw that changes in 
transportation costs and exports do not affect all producing and consuming 
regions equally. Implications that are derived from a study of one region 
cannot automatically be applied to other regions. Not only are the magni-
tudes of the effects different among regions, but frequently they are also 
opposite in direction. 
The demands for grain by the 78 consuming regions are determined 
exogenously, without use of the linear programming models. The research 
and framework of the models could be extended by including the optimal sys-
tem for the transportation of grain to the processors, the optimal location 
for grain processors, and the optimal transportation of the processed grain 
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to its destination. The production of livestock is a major use of grain 
and consequently livestock production could be interpreted as a grain pro-
cessing plant. The flow of the grain so processed could be followed through 
all the way to consuming centers of meat and other livestock products. 
The level of exports from year-to-year is the least stable and, with 
the exception of the demand by livestock, the largest component of the de-
mand for grain. The changing world distribution of the demand and the ad-
vent of new, very large ships that require deep-water ports are two of the 
major areas requiring further research. This study shows that the level of 
grain exports and the ports from which it is exported have major implica-
tions for rail and barge transportation services. Further research could be 
designed to stimulate and analyze alternative systems providing for various 
configurations and probabilities of export levels. Special consideration 
should be given to wide fluctuations in the quantity exported and whether or 
not special constraints or freedoms should be given the grain transporta-
tion industry during periods of very high levels of exports and transpor-
tation shortages. 
The problem of fluctuating export levels through time is related to the 
problem of alternating periods of excess supply and demand of grain trans-
portation equipment. The results of this study imply that the allocation of 
transportation equipment should be quite different under normal conditions 
than under conditions of equipment shortages. The theoretical framework 
of linear programming used in this study could readily be extended to analyze 
the allocation of grain transportation equipment when there is excess de-
mand for it. Also optimal transportation networks could be determined for 
periods of excess supply of transportation services. Few people outside 
the transportation industry concern themselves with the latter problem 
but it is part and parcel of a fluctuating demand for transportation services. 
This study considers only the flows from the origins to final desti-
nations. The grain industry, especially its pricing, is structured around 
terminal markets. Many of these markets were established years ago and 
since then many changes have occurred in the grain and transportation in-
dustries. This study shows loading and unloading charges are a significant 
share of the costs of moving grain and midway stops are very costly from 
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the transportation standpoint. This research could be extended to an integer 
programming model designed to analyze the location of terminal markets and 
the potential of having grain exchange ownership without encountering the 
costs of loading and unloading at the terminal markets. 
The integer programming framework could also be applied to analyzing 
potential benefits of either abandoning or adding specific sections or 
routes of rail track or navigable waterways. Most tracks and waterways 
carry more than just grain, consequently, such research would probably 
require an extension of the commodity set used for this study. 
Most of the rail and water transportation systems were designed 
decades ago. Constraining the optimization of grain shipments to an existing 
system may be overshadowing changes that would become obvious by analyzing 
the flow of grain under the assumption of no pre-existing transportation 
system. Such research could be creatively designed to consider the physi-
cal, financial, and institutional arrangements of the grain distribution 
network. 
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